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PEEFACE. 


Havikq experienced the want of a cheap Manoil to 
place in the hands of students in the Botanical Classes 
established for Operatiyes, in connection with the 
Department of Science and Art^ I have made this 
effort to supply the want in the manner which^ to my 
judgment^ appeared best calculated to render it ser- 
viceable to them. I have purposely divided the 
Manual into Forty Sections, corresponding with the 
Forty Lessons which the Department requires should 
be given. Each of these sections contains an outline 
of the chief points necessary to be demonstrated to a 
Class at the respectiye lessons, unencumbered with 
such illustrations as a teacher would give, but whidi 
would needlessly have swelled this volume and aug- 
mented its price. In its present form, it is calculated 
to reff^h the memory of the student concerning the 
past^ rather than, of itself, instruct him in the future 
of hk studies. No attempt has' been made to popu- 
larise the subject ; — ^this must be considered rathmr as 
a skeleton of dry details, to be filled up and attired 
according to the taste of the demonstrator. The 
lUustratimis axe iiot intended to supersede diagraio^ 
drawings, and the liberal use of the black board, but 



tv 


PREFACE. 


as helps for those who may not be able to use the 
pencil with suiiicient facility in their note-books. 
The ortliograpliy and etymology of the technicalities of 
this bninci) of tlie science will, it is hoped, j)rove an 
assistance to the teacher, as there will be less necessity 
for him to write up (‘vcty n<^w term as it occurs, so as 
to familiarize his pu))ils with its orthography. No 
note has been taken of Kcomunic Botany. Informa- 
tion of this kind is more readily ohUiiiiabk*, and the 
oral instruction which the teacher may give in the 
course of his demonstrations, w ill be more popular in 
its character and more easily rernembei ed. 

Independently of the primary obj(‘ct of the work, it 
is believed that it w ill be found useful to the young 
botanist and private student as a prelude to other 
and more expensive treatises. M. C. C. 

November^ 18 G 1 . 


NOTE TO THE PRESENT EDITION. 

A NEW edition of this Manual being demanded, it has 
been thoroughly revistui ; the Chemical nomenclature 
corrected, to bring it into harmony wdth the require- 
ments of advanced science, and several minor alterations 
adopted, which, it is hoped, will greatly improve tht 
work, and ensure for it a continuance of public favour 
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SECTION L 

INTRODUCTORY. 

We are accustomed to regard the whole of the 
material world as divisible into three great kingdoms^ 
I. d, mineral, vegetal )le, and animal. It is not so easy* 
to determine the limits of the latter two, as to distin- 
guish them from the former, so intimately do they 
blend into each other. No delinitioii has yet been 
attempted to which exception might not be taken. 
'I’he old distinction that animals live and move \ that 
])laiits live, but do not move ; and that minerals neither 
live nor move; will only hold good to a certain extent, 
for we have fix^ animals and moving plants ; although 
animals are generally j)ossessed of, and plants deh- 
oieut in, the power of locomotion. Another distinc- 
tion, that plants respire oxygen under the influence of 
light, and animals carbonic acid gas, was accepted, 
until certain plants, of a low organization, were found 
to res[)ire carbonic acid gas under all circumstances. 
Chlorophyll and starch were supposed to be exclu- 
sively vegetable products till the former was discovered 
in the fresh- water hydra, and the latter in the 
of man. 

B 
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Dr, Lankester gives the following distinctions : — 

“ I. Plants derive their nourishment from mineral oi 
inorganic substances, animals from organized matters. 

" II. Plants absorb their nutriment to a greater or 
lesser extent by their whole external surface, whilst 
animals possess a mouth, and take up their nutriment 
from an internal bag or stomach. 

“III. Plants are mostly fixed, whilst animals have a 
power of moving about. To this distinction, however, 
there are numerous exee]>tions. 

“ lY. The tissues of }»lants are distinguished by the 
tendency to absorb carbonic acid and throw olf oxygen, 
whilst those of animals absorb oxygen and throw off 
carbonic acid gas. 

“ Y. Botli plants and animals are developed from an 
impressible and motile ])rotoplasra, but in animals 
this substance becomes differentiated into nerves and 
muscles.” — (Lectures on Botany, — Science and Art 
Department.) 

The study of all that relates to the vegetable king- 
dom is included in the science of Botany. 

I. That department of the science of Botany whicli 
has referenc(3 to tlie textures of which plants are 
composed, and the forms of their organs, is termed 
Structural Botany j Vcgetahle Anatomy, or Organo- 
graphy. 

This department of the science may be regarded 
as again subdivided into Vegetable Histology, whicli 
confines itself to the tissues of plants, and Vegetable 
Morphology, which treats of the forms of the 
various organs. 

II. The second department of Botanical Science is 
that in which plants are considered as living beings, and 
which takes especial cognizance of their vital functions. 
It is therefore termed Physiological Botany, 

The aid of Chemistry and the allied sciences is 
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requisite for a thorough acquaintance with tliese 
departments. 

III. Another department concerns itself with all 
that relates to the arrangement and classification of 
plants, and is termed Systematic Botany. The know- 
ledge of this de})ends on an acquaintance with the 
former divisions of the science. 

IV. The distribution of plants over the surface of 
the globe forms another division, which, from its in- 
timate connection with geography, is termed Geogrot- 
pJdcal Botany. 

V. Fossil Botany, or a special study of the vegeta- 
ble remains found de|>osited in geological fijrmations, 
links Botany with Geology, and ])eing based upon the 
results obtained in the former divisions of the scieiice, 
applies them in elucidation of the plant-history of the 
past. It has also been called Geological Botany. 

These departments have been named in the order 
in which they should be studied. The first and second 
only wdll be treated of in this volume, not separately 
but simultaneously, the functions of the organs with 
the descriptions of their forms. 

The title selected must therefore be accepted in a 
broad and general sense as embracing these two sub- 
divisions, and not as restricted to one. 


SECTION II. 

THE ULTIMATE ELEMENTS OF PLANTS. 

An Element, or simple substance, contains, so far as 
we know, but one kind of matter. Sixty-five elements 
in various forms of combination make up the whole 
mass of the earth, air, and water. 

13 'J 
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Fifteen elements invariably occur in plants and ani- 
mals, These elements are found combined together in 
the vegetable and the animal structures bb compounds. 

When a plant is burnt, some of its elements enter 
into new combinations, become volatile^ and are dissi- 
})ated ill the air as gases or vajiours. The volatile 
elements of ]>laiits are four — oxygen, hydrogen, nitro- 
gen, and carbon. 

The non-volatile or fixed elements of plants are 
eleven in number ; viz., phosphorus, sulphur, silicon, 
fluorine, chlorine, potassium, sodium, calcium, mag- 
nesium, iron, and manganese. 

Phosphorus, sulphur, and fluorine are sometimes 
found in the volatile part of jilants, while, on the 
other hand, in the fixed part, carbon and oxygen 
always occur, nitrogen rarely. Two other elements, 
iodine and bromine, are contained in seaweeds, while 
several additional metals, cojiper, aluminium, zinc, 
and rubidium, have been detected in particular plants. 

ELEMENTS OF THE VOLATILE PART OF PLANTS. 

Symbol; atomic weight, 16. Oxygen 
acid ; gennao, I produce) is only known as a 
gas. Tlie atmosphere contains in 100 measures 
21 of oxygen and 79 of nitiogen, another ele- 
mentary gas. The majority of the compounds which 
form the food of plants contain much oxygen ; of 
these compounds, carbon dioxide, often called carbonic 
acid, contains 2 atoms of oxygen and 1 atom of carbon 
(COa), wliih' another, water, contains 2 atoms of liydro- 
gen and 1 atom of oxygen (HjO). Idants have the 
power, under the solar influence, of decomposingcarbon 
dioxide and other oxygen compounds. In the case of 
carbon dioxide the carbon is retained by the plant ami 
re-combined with other elements, and the oxygen is 
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flet free. Thtis the atmosphere is purified and supplied 
afresh with oxygen, the great supporter of combustion 
and life. In the putrefaction of vegetable and animal 
matters oxygen is absorbed, and they thus once more 
return to the inorganic or mineral world. 

Symbol ; 1, atomic weight. Hydrogen {Ily- 
dor^ water ; gennao^ I produce) is only known 
as a gas. It is the lightest body in nature. 
^ Burnt in the air, it combines with oxygen, 
forming water. Water enters into the composition of 
plants, and through the agency of water they take u]) 
a large proportion of the materials of their structure. 

Symbol ; 14, atomic weight. Nitrogen 

{Nitron, nitre ; gcunao, I prodnc(') is only 
known as a gas. It is chemically inactive. 
^ Combined with hydrogen it forms ammo7iia 
(NHa), with hydrogen and oxygen nitric add (H NO^). 

Symbol ; 12, atomic weight. Carbon {Carlo, 
coal) is a solid element existing in three difierent 
states, — the diamond, graphite or blacklead, and 
^ charcoal or lamp-black. When burnt, carbon 
yields carbon dioxide, a gas which is also evolved in 
the oxidation of the carbon of food which goes on in 
the animal body. 

TUE FIXED ELEMENTS OP PLANTS. 

Symbol ; 31, atomic weight. Phosphorus 
(Phos, light ; pliero, I bring) is a wax-like 
solid in one of its forms. It does not naturally 
occur free, but only in combination with metals 
as phosphides, or with metals and oxygen as phos- 
])hates. It is extremely inflammable, and emits light 
by slow combnstion at the ordinary temperature. 
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Symbol ; 32, atomic weight. Sulphub {Sat, 
salt ; pyr, fire) is a brittle, yellow, combustible 
solid, which melts and vaporizes by heat. Sul- 
* ])hiir and liydrogen unite to form an offensive- 
smelling gas, hydrosulpliuric acid (HjjS) ; with oxygen 
it unites, burning with a blue flame and forming sul- 
phur dioxide (SOg), a pungent gas. Sulphates contain 
sulphur, a metal, and oxygen ; sulphuric acid, sulphur, 
hydrogen, and oxygen (lIjS 04 ). 

Symbol ; 28, atomic weight. Silicon (Silex, 
flint). United wdth oxygen, silicon forms a 
dioxide called silica (SiOj). This is common 
as flint, agate, sand, and quartz, and enters 
largely into tlie composition of the stems of meadow 
grasses and wheat. 

Symbol ; 19, atomic "weight Fluorine {Fluo, 
1 flow) is found in minute quantity in many, 
perhaps in all, plants. Combined with calcium 
it forms the mineral fluorspar (CaF^), and in 
this state occurs in bones and teeth. 

Symbol ; 35*5, atomic weight. Chlorine 
{ChJoros^ green) is known usually as a gas of 
a pale greenish-yellow colour and suffocating 
^ odour. Combined with sodium it constitutes 
common salt, sodium chloride (NaCI). A compound 
of chlorine, calcium, and oxygen (CaCljOa) is used 
for disinfection and bleaching. This element occurs 
abundantly in marine and maritime plants. 

Symbol ; 127, atomic weight. Iodine ( lodes , 

I violet-coloured). A heavy, greyish-black, lus- 
trous and crystallized solid, which turns on 
" heating into a violet-coloured vapour. It stains 
the skin yellow, and gives with starch a rich blue 
«v>lour : it occurs in seaweeds as metallic iodide. 
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Symbol ; 80, atomic weight. Bromine ( Bro - 
mo8, stench), a heavy, deep brownish-red 
liquid, which gives oflF a vapour of the same 
^ colour and of disagreeable odour. 

Symbol ; 39, atomic weight. Potassium 
{Potashes)^ a bluish-white soft metal, lighter 
than water, and decomposing at ordinary 
^ temperatures. Potassium is more abundant 
in cultivated than in wild plants. It occurs in them 
as chloride and sulphate, and in the salts of the 
vegetable acida 

Symbol ; 23, atomic weight. Sodium {Kor 
trium^ from natron^ native sodium car- 
bonate) is a silver-white metal, rather 
lighter than water. In its occurrence and 
uses in plants it closely resembles potassium. 

Symbol ; 40, atomic weight. Calcium (( jalx ^ 
lime). Its oxide is lime (CaO), its hydrate, 
slaked lime (CaHaO.^), and its carbonate, 
^ chalk and whitening (Ca CO3). Calcium 
carbonate is dissolved by water holding carbon dioxide 
in solution. Many plants contain much calcium, as 
oxalate, citrate, Ac, 

Symbol ; 24, atomic weight. Magnesium 
(Magnesia, in Asia Minor) is a silver-like 
^ metal, which burns with a brilliant white 
light when heated, and forms magnesia 
(MgO), It occurs abundantly in the grain of wheat. 

Symbol ; 56, atomic weight. Iron {Ferrum, 
iron). The presence of iron in plants seemp 
5 connected with their green colour. 
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Symbol ; 55, atomic weight, Manoakesb 
occurs in minute quantity in plants ; but 
it is a variable ingredient. 


Of the other metals found in plants copper seems 
most generally diffused, though it occurs in very small 
traces only. 


SECTION IIL 

CARBONACEOUS COMPOUNDS. 

Cellulose (OgHj^Oj) is a compound of carbon > 
hydrogen, and oxygen. It constitutes the basis of 
vegetable tissues. The elastic transparent membrane 
of cell-walls is composed of this substance, which is per- 
meable by fluids. It is allied to starch, becomes yellow 
on the addition of iodine, and when acted upon by 
.sulphuric acid and iodine, assumes a blue colour. 

Lignine is found deposited upon cellulose, forming 
the woody tibres of jdants, and giving strength and 
solidity. When lignine is submitted to the action of 
sulphuric acid, it is converted into glucose. 

Starch (CgHioOg} is a common product of plants. 
It exists in the form of granules, or minute cells, 
which become blue upon the addition of iodine. These 
grannies possess such distinctive features in size and 
shape, that the mixture of the starch from one kind of 
plant with that of another may be detected by the 
microscope. They are ordinarily oblong, spheroidal 
bodies or flattisli discs, marked with parallel striations. 
Some are of very irregular form. In almost all 
instances there is a central spot or hilum, and the 
series of lines arrange themselves around it. There is 
%lso a cell- wall, but no central cavity. The markings 
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♦re supposed to be produced either by the foldings of 
the cell-walls, or by the successive layers of starch. 

This substance is insoluble in cold water ; when 
submitted to the action of boiling 
water, the cells swell, the cell-walls 
burst, their contents are discharged, 
and the mass becomes a tenacious 
paste. Starch is found in almost all 
the cellular parts of plants, but is 
most plentiful in roots and tubers, 
and in the grains of cereals. 

Starch is convertible by beat 1- 

into dextrine, or by the action of boiling weak sul- 
phuric acid, into a mixture of dextrine and glucose 
(grape sugar), and ultimately into glucose. 

Plants contain more starch at certain periods than 
at others. During germination and at the time of 
flowering much of it is converted into sugar. It is 
this conversion of starch into sugar during germina- 
tion wliich has been taken advantage of in tbe process 
of malting, to convert the starch of grain into sugar 
by forced germination. 

Inuline is a variety of starch, obtained from dahlia 
tubers, elecampane, Jerusalem artichoke, and some 
few other plants. 

LicJienine (CgHjoG^) is the peculiar starch of lichens. 
It is found in Iceland moss {Cetraria Islandica)^ Rein- 
deer moss (Gcenom.7jce rawjifermo^^ and carrageen, or 
Irish moss {Clwndnis crispus). 

Dextrine (C«II„0,,). During the change of starch 
into sugar, an intermediate stage occurs in which 
tlie starch is converted into dextrine or soluble starch ; 
for it is then soluble in water. Starch must first be 
converted into dextrine or sugar before it can aflbrd 
nourishment to the growing parts of plants. 
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SuoAB may be said to exist in plants under three 
forms. 

Cam sugar (CiaH,sOa), which is found in the 
sugar-cane, maple, and beet-root. This is not a fer- 
mentable sugar, but must first be converted into 
glucose. 

Grape sugar, or glucose (CgHiaOrt), gives sweetnesss 
to most fruits, is a product ol the metaruorplioses 
of starch, cane sugar, and woody fibre. This is 
fermentable. 

Mannite is an iinferraen table sugar found 

in the manna ash, mushrooms, celery, some sea-weeds 
and other plants. 

Gum (CisHjgOi,) is one of the substances produced 
abundantly in plants. It exists in many seeds, exudes 
from the stems and branches of trees, and is found in 
the juices of others. It may be considered as a fixed 
dextrine. 

The following are its chief varieties ; — 

Arahine, soluble in cold water. Ex, Gum arabic. 

Bassorine, partly soluble. Ex. Gum tragacanth. 

Cerasine, insoluble part of cherry gum. 

Pectine, gelatinous. Ex. Pulpy fruits. 

Mucilage, present in mallows and linseed. 

Resins contain much carbon and hydrogen, with 
little or no oxygen. They are found in plants, some- 
times in a fluid state, called balsams and oleo- resins, 
and at other times solid. The most ira])ortant solid 
resins are the copals, or those which partake of their 
character. These substances are insoluble in watei, 
but soluble in spirits of turpentine. 

Organic! Acids are produced by processes going on 
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in living plants, and exist in vegetable juices, often 
combined with peculiar bases and alkaloids. 

Pectosb and other neutral compounds of carbon, 
hydrogen, and oxygen are also found in fruits and 
roots. 

Acelic acid occurs in plants as potassium 

ac(‘tiite. 

Citric acid (C^HgOy) occurs in fruits of the orange 
tribe. 

Tartaric acid (C4HgOj,) occurs in the juice of the 
gra])e. 

Malic acid (0411^05) occurs in the apple, goose- 
berry, <fec. 

Tannic add (C27IT22O17) in oak and other barks. 

Hydrocyanic add (Oyll where Cy is = CN) in 
cherry-laurel leaves. 

Oxalic acid (02TT2( >4) with potash in sorrel, rhubarb, 
ami other plants. 

GodUc acid (CVir^Oj) in all kinds of galls by the 
conversion of tannic acid. 

Volatile Oils. The chemical composition of these 
oils is extremely various. They are obtained by dis- 
tillation from various aromatic plants. Oils from 
coniferous trees consist generally of caxbon and hydro- 
gen only. Otto of roses and oils from labiate plants 
contain oxygen in addition ; whilst tlie oils of allia- 
ceous })lants cun^^ain sulphur also. Many volatile oils 
deposit stearoptinej which is nearly allied to camphor. 

Camphor (Ojj lljj O). This may be considered as 
a sort of solid volatile oil, less widely diffused, and 
only obtained commercially from two or three species 
of plants. It is light, inflammable, and evaporates on 
exposure to the air. 
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Caoutchouc. A hydrocarbon, very widely diffiised 
through plants, but more profusely developed in 
tropical regions. It is found associated with resin in 
the milky juices of many kinds of figs and euphorbias. 

Fixed Oils contain carbon, hydrogen, and oxygen. 
When docom])osed they yield fat — acids, and glycerine. 
Found most abundantly in the seeds of plants. Tiiey 
generally congeal at a lower temperature than the 
freezing-point of water, but some are solid at the 
ordinary temperature of the air. They all require a 
Jiigh temperature for their evaporation. Olive oil is 
found in the fniit. 

Wax a kind of fatty matter found in the fruits 
and stems of jdants sometimes covering the fruit 
with a “ bloom, or appearing in scaly masses upon 
the stems. It is soluble in ether, insoluble in water, 
and combustible. 


SECTION IV. 

NITROGENOUS COMPOUNDS 

There are certain nitrogenous products found in 
plants, most commonly in greatest quantity in the 
seeds. These are termed flesh-lorraers or albuminoids, 
as they serve to build up the flesh of animals, and 
are closely related to cdburtien^ the white of the egg. 
They consist of carbon, oxygen, hydrogen, and nitro- 
gen, with some sulphur. 

Fibrine is the essential part of the gluten of wheat, 
the grey elastic mass which is left when dough is long 
washed in water. 
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Caseins or Legumim is an essential part of the 
seeds of leguminous plants j it is also the chief flesh- 
former in milk. 

Albumen occurs in a soluble form in the expressed 
juice of many ])l.ints : it coagulates or separates in 
flocks when liquids are heated to 60° — 70° centigrade. 

These three nitrogenous compounds are seldom 
found alone. In the juice of potatoes there is, besides 
fibrine and albumen, vegetable caseine ; and in legu- 
minous seeds there is always, besides the caseine, a 
certain quantity of albumen. 

Emulsine is a nitrogenous compound found in oily 
seeds, as in almonds. In bitter almonds it is asso- 
ciated with amygdaline^ and the two, when boiled 
with water, yield hydrocyanic acid, and oil of bitter 
almonds. 

Diastase is a nitrogen ized substance ])rocured from 
malt, and developed during the germination of seeds. 
It is ail albuminoid in an altered state, and has the 
power of converting starch into sugar. 

The following table shows the proportions of di- 
gestible nitrogenous products and carbo-hydrates in 
100 parts of the edible portions of certain plants 


Nitro- Carbo- 

Water. geuoua, hydrates. Ashes. 


Peas 14 23 52 25 

Beans ...... 14 25’5 4d 3‘5 

Lentils 14 24 .52 2'6 

Oats 14 12 61 3 

Barley 14 9 66 2'8> 

Potatoes .... 75 2 21 1 

Turnips .... 89 1 . ^ 1 
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Alkaloids are nitrogeDOus compounds found in 
plants, and generally constitute their active principlea 
They usually occur combined with organic acids. 

Quinine (CjoHa^OaNj) exists in cinchona barks. 

Morphine (CiyUiyONg) exists with others in opium. 

Solanine (C^HyiNOia) is found in plants of tli ‘ 
potato tribe. 

Veratrine occurs in sebadilla. 

Aconitine (Cill47NO-) is found in monkshood and 
other species of aconite. 

Strychnim (CaiHjaNaOa) is the active principle of 
iiux vomica. 

Atropine (Cj7ll2jOjN) the active ]>rinciple of bella- 
donna. 

Fiperiiie (C,4TT,^(),,N2) is foinid in ]>oj)por. 

Theine or Caffeine (CgHitN/la), the juinciple of tea 
and coflee. 

CnLOiiornYLL. The green colouring iiwitler of 
plants; generally occurs in a granular lonn, flojing 
in the fluid contents of cells. It j)artukes somewliat 
of the character of wax, and is only develoj) d under 
the influence of light, and in the presence of iron. 


SECTION V. 

MINERAL COMPOUNDS. 

As a prelude to the mineral compounds, an im- 
portant constituent of vegetable structures in their 
vital state must not be forgotten, t. e water. 
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Water (HjO) is found in many aquatic plants to 
the extent of 90 per cent. Potatoes contain 75 per 
cent , turnips 90, and carrots 80 per cent. A sunflower 
consumes daily 22 ounces of water ; consequently, if 
every plant occuj)ies 4 square feet of soil, the plants 
of one acre would require 1,820,706 lb. during the 
four summer months. But the ground around the 
plants would also sustain grass and weeds, which 
require water to an equal extent at least. Therefore 
3 million pounds of water would be n^quired for an 
acre of sunflowers. It has been estimated ’Jiat an 
acre of cabbages would require 5 million pounds, 
and an acre of hops 0 or 7 million ]>onnds of water. 
Througli tlie agency of this fluid, plants take up most 
of the elements of their composition. JMuch of this is 
absorbed by m<*ans of tlie roots. 

The water and combustible portion of plants form 
by far the grc'atcst proportion, — the mineral or incom- 
bustible being seldom piesent, even in their dried 
state, to the amount of 10 per cent. 

Tlie niiiKTal matter, or asli left after incineration, 
varies in diflerent plants, and in diflerent parts of the 
same plant. In the dried leaves of the elm, more than 
10 j>er cent, of mineral matter exists, while the 
wood affords less tliaii 2 per cent. 

In 1,000 lb. of tlie grain, and the same quantity of 
the straw of wheat, the following mineral substances 
are found : — 


Potahh (KjO) 

Soda (NaaO) 

Lime (C.iO) 

Ma^me‘.ia (MgO) . . . 

Silica (Si02) 

Sulphur trioxicle . . . 
Phosphorus pentoxide 


Grain. 

Straw. 

r>-5 

4*9 

•6 

12 

•6 

2*6 

2-2 

1-1 

•3 

28 2 

•4 

1 2 

82 

2*3 

17-8 lb. 

41*5 Ik 
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These substances are variouHly combined, as sulphates^ 
phosphates, and chlorides ; the silica, however, is mostly 
free. 

The larire proportion of silica in the above analyses 
shows its im])ortance to plants of the urass tribe. 

As all these fixed substances must be derived by 
plants from the soil in a state of solution, it becomes 
important to ascertain the quality of the soil, and its 
fitness to su}>ply the requisite materials to the plants 
we would cultivate. 

The importance of such a consideration is thus 
beautifully illustrated by Schiciden, the celebrated 
German botanist : — 

“ The beautiful orcliidaceous plant, the ladies’ 
slipper, grows over all f>artH of the Swiss Fore Alfis, 
where the soil is iormed of the al]>irie limestone ; it 
accoinpanies tlie whole Swalnan muschelkalk, and 
disappears suddenly wdien we come to the sand of the 
Jura and Keuper formations on this side of the 
Danube. It next makes its appearance on the mus- 
chclkalk of Thuringia, and comes down with that on 
the Werra as fiir as the neighbourhood of Gottingen, 
then leaps over the Bunter sand.^t(*iie of the Lower 
Eichsfeld, the granite of the Upper Hartz, and again 
gladdens the (ye of the wanderer on the calcareous 
formations eastward of the Brocken. It is sought in 
vain over all the clay and sand formation of the 
northern Gt'rnian plains, till in the extreme north it 
ai^ain shows itself at Bugeii, where the chalk rocks of 
Arkona and Stubbenkainmer lift their heads. 

On the western coast of France grow various 
insignificant-looking shore plants, species of Salsola 
and ISalicorniaf whicli tlie inhabitants tiiere use to 
obtain soda from the ashes. When we travel from 
thence towards the east, we everywhere miss these 
little plants, even when searching most carefully, and 
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merely one or other of them makes its appearance in 
such places where the soil is moistened i>y some salt 
spring. At last we arrive at the Great Steppes of 
the south-east of Russia, which in summer are often 
covered with a thick cru^t of salt, showing themselves 
to be the ancieiit bottom of some dried-up sea, and 
here these plants are found growing in the same 
abundanee and luxuriance as in the west of France. 
On the northern coast of Germany tlie little pale-red 
maiden pink grows ujkiu the arid sand dunes, and is 
universally distributed over the sandy plains of 
northern Germany ; hut these are succeeded by the 
granite, clay, slate, and gy}»siiiu of the llartz, the por- 
phyry and muHchelkaik of Thuringia, and our little 
pink is not met witli again till we arrive at the 
Keuper sand plains, on tlie further side of the Maine, 
surround ii^g the venerable city of Nuremberg. It 
extends farther south, tlirougli tlie Palatinate, till the 
muschelkalk of the Suabian Alps again sets a limit 
to it ; but it leaps over these and the whole alpine 
region, and at last appears on the sandy soils of 
northern Italy. How is it that these }>lants every- 
where disdain the richest soils in their range of geo- 
graphical distribution, and are confined to perfectly 
determinate geogno^tic formatjons ? Must not the lime, 
salt, and sand (or silex) have a most distinct influence 
in the matter!'* 

Of the elements of plants, only oxygen and nitrogen 
occur free or uncoui blued iu them. The other ele- 
ments are variously combined together ; some of the'^e 
compounds are here given ; — 

Water, H-iO. 

Carbon dioxide = carbonic acid gar, OO^, 

Ammonia with various acids. 

c 
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Nitrates, such as potasKinm and calcium nitrates. 
Sulphates, such as ]K»tiissiutu and calcium snlpliates. 
Pbosphatos, such as calcium and niagmv'^ium jdxos- 
pliates. 

Chlorides, such as sodium and potassium chlorides. 
Oxalates, ^ 

Citrates, ( those of calcium and potassium. 
Tartrates, ( 

Acetates, ) 


Raph 



Fig. 2. 


(Or. needles) are crystals, or clusters of 
cry^tal^, commonly of calcium oxalate, hut 
also sometimes of the ]>h()Mf)hHte, tartratf*, 
sujpliaTe, or carbonate. They are found 
gonerally in C(*lls (/'Vy. 2), and <te<’asionalIy 
in "ivat numbers. Tuikey rhubarb root 
couttiujs above dO per cent. 


SECTION VI, 

CELLS. 

The simplest form of vegetable life, and the inost 
elementary phase from which all others 
are develojied, is that of a minute vesicUy 
^ or cell. 

^ Cells are very small traiKsparent blad- 
ders, or cysts, with walls, or boundaries, 
oi ceJhil<m, and generally contain fluids. 

An egg may be accepted as an illustra- 
tion of a ceil, of which the shell represents 
the cell-walL 

The normal form of the cell is that of a sj)here, or 
spheroid, having a length not much exceeding its 
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breadth {Fig. 3). An agf](regation of these ceDs, or 
vesiclcH, constitutes the cellular tissue of plants. 

Were the cell- walls to retain their original form 
when compacted together, there would be numerous 
spaces left unoccu])ied between the points of attach- 
ment; these might be termed intercellular spaces or 
lacunm {lacuna, Lat. a little hole). 

Slight pressure causes the cells to accommodate 
themselves to the sjjace they have to occupy, and tliey 
assume that form which shall best fill up the inter- 
stices and occuj»y the least room, namely, a modifica- 
tion of the dodecahedral with an lioxagonal section 
{Fig. D). Hence, this i*- the most common form in 
the celluljir jiortions of jdants 

The simplest plants, as algae and fungi 
(Fig, 4), co.isist eiitijcly of csdlul.ir tissue, and 
aie lienee ealhsl CcUulares. 

The pith ot hec's rushes (Fig. 7), and the 
rice-pajier of the Chinese, are cellular, as are 
also all j Hants in their earliest stages. 

Parenchijma (Gr. for the substance of tlie 
lungs, livei, &c,) is the name generally given 
cellular tissue wliicli exhibits hexagonal cells when 
cut across. 



■%. 4 . 



Fig. fl. 

When a spiral line is coiled up in the interior of 
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cells, it is called Fibrxhcdlular tissue {Fig, 8). This 
is a very commou fonii. 

The s})iral is soiuetimes broken up, so that the 
thread appears in rings {Fig. 9), and, when still more 
broken, in bars, or portions of 

« rings <>*' elongated dots {Fig, 10). 

The spiral thread is deposited 
witliin npf)n the cell-uall subse- 
quent lo tht‘ furnmtion of the cell 
Figi,,8. 9 . 10 , itst'lf. It soinelinies becomes free, 

and at ollu‘i\s renmins attached. 
The 8]»iral threads and im>vaUle lilne.s which are 
found in the antheridia of mosses, and eIs<^wL«re iu 
cryptogamic plants, and wdiich < xhihit jiecidiar move- 
ments, so as at one time to liave Ixam considered as 
animalculae. are donhtles.^ of this nature and origin. 

The microscope is nece.sSiiry for the examination of 
all cell -struct nre.s. 

The membrane of the cell-wall }>ernjits the circula- 
tion of fluids through it, altliotigh pores are not often 
\isible. 

A kind of cellular tissue cousistitig of short cylin- 
drical cells, is called Pitted tissue. These may originally 
have been spheroidal cells, the walls of wdiich have 
become ruptured in one direction so as to assume a 
cylindrical character {Fig. 11). 

The walls of these tubes are ]>itted or dotted, 
in con.sequencti of the unecpial deposit in their 
interior. It is a very comnioii form of tiasue 
in wood, and conveys fluids with facility in the 
direction of its length. 

As all forms of tissue are dei ivod from the 
8im]>le cell, of wdiich they are but subsequent 
modifications, intermedijite forms will be met 
with of all the varieties, and the line of demar- 
11 cation can scarcely be fixed, the division or 
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classification under difierent names being more artifi* 
dal than natural, serving to mark phases of the same 
tissue, ratlier than to be designations of difierent 
elementary organs. 

The torn IS cdlular and vascular tissue are still 
employed, with this limitation of the meaning and 
value attached to them. 


SECTIOH VII 

VASCULAR TISSUE. 

Under the general name of Vascular tissue is 
included the form of tissue which, with greater pro* 
priety, is termed woody tissue, or pleurenchyma 
(^jjleura, Or. a nb), and Jlbro-vascnlar tissue. 

Woody Tissue consists of elongated tubes of a 
fusiform or sj^indle shajie, tajiering at each end. It is 
cylindrical, long, line, and tough, characteristics which 
distinguish it from cellular tissue. 

It is found in the wood, inner bark, and veins cff 
leaves. 

The walls of this kind of tissue 
become tliickened by successive 
layers of lignine, and when cut in 
section, the concentric lines or 
markings of the successive deposits 
may often be traced (/Vy. 12). 

The strength of this kind of tissue 
renders it extremely valuable in tho 
arts, when divested by maceration 
of all extraneous matters. In this 
way hemp, flax, China grass, Manilla hemp, Ac, are 
prejjared. Tiie distinct forms of woody tissue in linen, 
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and cellular tissm in cotton, ar© eamj detected under 
the inicri>sct)|>e. 

inmfy tmue i» a ixsculiar variety of 
jirurenchf/ma, occurring in coniferoii» and wime few 
other ]>Uiiits, 

The (if tiie tuluM are furnished with circular 


(inNk-^, sonu'tinies in single, and at othei'a in 
\ (iouhle (»r rown. These disks or depres- 

1 % sions have sinall oiitieea 
IQ in their mitre (/'Vsrs. 13, \\ | 

j|3 A recopiition of this j /', fen' 

kind of iissue in coal / , y /| 
(leteriiiinos itj coniferous j' j| " ''■// pjj^, 

\y or cycadaceons oiiiiin. ^ LJL-UliJi 

* Vascular, or Fibro- 

macular tissiu‘. consists of thin cylindrical tubes, 
witli fihiv hpir.iDy <‘oile I up within theni. ft has also 
been called Tradtenchi/ma {tracked, Lat. windpipe). 

Spiral vessels are the typo of this kind of tissue. 
These vessels, wliicli are fusifunn (spindle shapcd), 
overlap at the ends, where, the intervening membrane 
being absorbed, they communicate freely with each 
other. Tliey arc found in tlie medullary 
Ep sheath, veins of leav(*s, &c. 

^3 Tlie fibre in the inteiior may be unrolled, 
and is soiiietinies single ; and at others several 
llbres are united together, side by side, and 
may be unrolled Iik<‘ a ribbon. 

When the sjiiral fibre is broken up, or does 
not make a complete coil in the tub(% a mo- 
^ ' dification of the above kind of tis.sue results, 


called ducts or false trachefc, to which sjiecial names 
are also given, according to the ]>]iases it assumes. 
When the fibre occurs in rings, it is callt‘d annular, 
Wlien the tubes are prismatic, and the fibre i» 
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broken and arranged at equal distances 
above each other, like the steps of a 
ladder, it is termed scalari/orrn (sccUce, 

Lai. a ladder), as in ferns {Fig. 16). 

Sometimes the arrangement is very 
irregular. 

These ducts seem to convey fluids. 

LatictJ’erous vesselsy or 
Cknenchy'ina (Joineo, Gr. 

I move), are branched 
tubes, wliich unite and 
run into each other in a very irregular 
manner, forming a complete network 

17). 

'file walls are not marked. It com- 
monly occurs in the liler of Exogens. 
These vessels convey a fluid called 
latcXf which is eith(*r tninsparent or coloured. It has 
of late been suspected to he of a formative character. 



tig- !"• 
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SECTION Vlll. 

CELL Dl'.VKLOrMENT. 

The hi.story of the development of cells is still con- 
fused. ]\luch as lias been wjitten, the entire question 
i.s one of considerable uneertainty. 

Schleidon has referred the origin of cells to the 
formation of a central point amongst the formative 
fluid, around wliich a congregation of atoms takes 
place till a firm la3er is formed; this becomes ulti- 
mately the cell-w^all, which eul.irgt‘s, assimilates fluid, 
and becomes a cell, coutaiiiiiig within it the nucleus^ 
or, as ho terms it, ctdobht'^t ihdoi, (Jlr. a cell ; blastos^ 
a germ). 
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Cells have generally, when full grown, a 
{•\ thickened disk, or nnrleus^ of this kind, attachtHl 
\) to their sidrs, and these sometimes contain other 
^,j8. bodies, called 'nucleoli {Fi(j. 18). 

New cells may be formed on the outside of 
old cells, as branches; this })roce8R 
has been termed gemmation, or bud- 
^ been proved in 

the growtli of sea-weeds (Fig. 19). 
(v^v (^p New cells may 

be produced 

jv.io. 

Jlssuration, or in- ^ 

temal subdivision. A division, or 
septum, separates the old cell into 
two portions, each of which be- 2 ^ 

comes a complete cell. (This is 
shown in Fig. 20.) 

Anotlier tlieory assumes that the nucleus separates 
into parts, each forming the new nucleus, around each 
of which a now cell wall is de\elo])(‘d, and ultimately 
the old cell -wall is ru])tured and disa])]>eara 
These methods may be ebaractcrized as 
Ist. Isolated formation in mucus. 


2nd. Gemnmtimi, or Exogenous formation. 

3rd. Fissuratioti, or by division of cells, 

4th. Endogenous, or by division of nucleus. 

Cells increase with immense rajiidity, especially in 
some fungi. Dr. Idiuliey estimates tliat in Bomsta 
giga/ntea, the great ]»u(!-ball, cells are developed at 
the rate of GG, 000,000 per minute. 

Spiral threads owe their origin to internal de[)ORit8 
in cells. It is not improbable that gum, derived from 
the transformation of starch, is the chief agent. 

Truncated or tubular cells appear to be derived 
from a congeries of cells, placed in apposition, and 
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under circumstancea of pressure or circulation favour- 
able to the final ohlit(*nitiou of their walls in the 
direction of tlieir attach in cut. 

Similarly may the laticiferous tubes have originated 
in jiart from such truncated cells, which have at the 
same time become branched and anastomosed, so that 
all trace of their origin is obliteiated. 

The Contents of cells are — 

1'he privwrdiul utricle^ or j/roicyplasm^ which is the 
deposited lining of the cell -wall. 

33eposits of sclerogen (makes hard), in layers, give 
great solidity to some cells. Ex. Vegetable ivory. 

Water^ geneially containing other matters in solu- 
tion. 

Jelly^ wliicli is perhaj)s the same as •pectin^ the 
mucilage which abounds in some algse. 

Starchy cUorophyll^ chromnle (colouring matter 
other tli.in green), wax, oily camphor., resin, and 
raphules. 

Other compounds are found deposited in the vascur 
lor system. 

SECTION IX. 

THE EPIDERMIS. 

The external cellular covering of plants, or epider- 
mal layers, may be readily detached 
from young leaves and stems for 
examination 

The Epidermis (c;n, Or. upon ; 
derma, skin) is extended over all 
parts of plants exposetl to the at- 
mosphere, excejit the stigma. 

It usually consi.sts ot a layer or 
layers of compressed cells, having 
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their walls bounded by waved {Fig. 22) or straight 
{Fig. 21) lines, and without intercellular spjices. 
These cells are usually colourless, ami with fluid 
contents. 


A superficial pellicle is spread over and upon the 
ejudennis, and is considered by some iis a st^cretiou of 
the epidermal cells below it. 

An iinpi rfeetly funned epidermis, called FpiUetna 
{epiy Gr. u}>on ; blema^ a wound), supplies the place 
of the epidermis iu submerged jilaiits, and on the 
extremities of growing roots. 

The name of FpiCheliuni {rpi, Gr. upon ; t/iclvjif 
tender) has been given to a very thin cuticular covering 
found lining the ovary and otlier internal parts of 
the ])lant. 

There are openings of a peculiar cluiracter between 
some of tlu* cells of the epid<*rmis, on jmrts e\post‘d to 
the air, Thest) are called Slomftta (Gr. mont I s). 



They are usually fonu(‘(l 
by two semilunar cells, 
tin' ends of ^^hich unite 
around an oval oi’ifice 

d'ho is'onidta cornniuni- 
cait^NMth tht* int(‘rcel]ular 
pus^agis, and piu’form 
some of tlio functions of 


mouths to the plant, from 
their fancied nssemhlanco 


to which the name arose. Tln*y an‘ .scattered on the 
surface of the efudeniiis, Bometimes with regularity, 
hut generally without any appanuit order. 

Stomata occur on the green parts of |>l,ints, on the 
leaves and their a])]>rmiages principally. They are 
not found either oii cellular or aquatic plants. 

On leaves they generally occujiy the umler surface 
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of such as are freely exposed to the air, with but few 
on the upj»er. In floating leaves the stomata occupy 
the vpper surface ; and on leaves which grow verti- 
cally, an e(|iuil number of stomata are found on 
sides. 


The leaves ot the mistletoe have been found to possess 
200 stoinala to the S(juare inch on both sides, the 
clove }>iiilc ,'58,r>00 on both sides, and the lilac 100,000 
to the sfjuaro inch <m the under side and but few on 
the upp<‘r. 

Stomata open in a moist state of the atmosphere, 
and chwe wh<*n di y. 

Their fiiuetions appear to be the regulation of the 
trans})iratinii, and through them tlie liberated gaseous 
hodi<‘s esca]H*. 

Th(*re are also conditions of, or ap])er)dages to, the 
t*pi(l(‘riiiis, wliieh Various terms are a|)[)licd. It 
may h<* nahd, (smooth), sllhj, piibescent 

(downy), lituri/, mJvcty, woolly, glaudula/r, 

imiirUdtd (dotusl). scabrous (nmgl)), rugose (v/riiikled), 
reticnlntrd (n(*t t<sl), vorrucose (\varte«l), aiid papillose. 

Of the appfmdai^es the most important 
are Hairs, 'i’hc'y arc composed of one or 
more cells, and vary much hotli in posi- 
tion and .'.tincture. Sometimes tliey are 
simple (/'X*/' forked, diviiled, or 

brsuiciuHl, and consist of a single cell. 

At oth(‘rs tliey ai*e of the same forms, and 



consist of various c(‘Ils [>laced in ajiposition. 

Several liairs, radiating from a common 
centre, assume a starlike or stellate form in 
the mallow tribe and Cruciferoi l^Fig. 24). 

The hails investirg tlie seeds of the cotton 
plant are the iiio.^t valuable in a commercial 



sense of any of the apjiendages of the epi- 
dermia 
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Silk cotton consists of hairs from the seed- 
vessels of hovcrtil sj)ecies of Jiombax, Mrxod&nr 
dron, AsclrpUuif «l:c. 

Clurate {dura, a clnb) hairs gradually expand 
from the base to tlio apex (Fig. 25). 

Capitate (ca^mt, a head) hairs have a 
^* **”* distinct rouiiil h€‘ad (Fig. 2G). 

Uncinate (^uncus^ a hook), arc hooked 
hairs (Fig 27). 

Barbed hairs have one or more hooks 
around the aj)ex (Fig. 28). 

Peltate {pelta, a buckler) hairs are 
attached at tlie centre (F*ig. 29). 

The hairs of Droeera, or sundew, have 
spiral tibres coiled in their 
iiiterif)r. 

Brickies are hardened hairs, 
and are only attached to the 
epidermis. £x. JKcse. 

Betce arc bristles or stiff hairs. 
Decitiuous hairs, on falling away, often 
leave dej)re''Sions, or ojienings, in the 
e])idermis, which have been called 
sioniata. 

Glandular hairs are such as contain 
secretions, either in distended cells at 
their apex or their base. Of tins cha- 
racter are the receptacles of the fragrant 
volatile oil which gives its odour to the 
sweet-briar, and also the stinging haim 
pi the nettle (Fig. 30), 

"^Hoot-hairs are prolongations of the 
superficial cells of the newest ])ortions of 
roots, which they bring into close contact 
with the particles of soil. They die away when the 
epibleina is formed by the thickening of the super- 
ficial cella 
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SECTION X. 

THE DESCENDING AXIS. 

From the fi\irfdco of the soil the plant-axis ordi- 
narily cxtt‘iuls upwaids and dowuwaids; in the 
former dinjctioii being called tlie stem, in the latter 
the root. 

As the ascending axis divides and branches, so does 
the dehceiuliiig axi-^, or root; bat, whilst the stem 
produces its brancli(‘s tlirough the media ni of a leaf- 
})ud, the root is without leaf buds , neither is there a 
true ej)idermis, stomata, or a distinct pith. 

The extremities of the roots are covered with loose 
cellular layers, termed 8pov(jiohs, 

Roots continue to grow hy their exlreniities, which 
are ev’'er removing further from tlie central axis and 
penetrating new soil, the loss recent portion becoming 
part of the non-abs(n'bing root, as tlie new extremity 
performs the function of absorption. 

The inU»rnal structure of tlie root is similar to that 
of tlie stem of whieli it is an extiMision, except that 
the pith and medullary sheath are absent. 

The point of union between the ascending and 
descending axis is termed i\\i^ collurth or neck. It is 
sometimes marked by a distinct swelling at the base 
of the stern. 

One class of roots consists of a simple extension of 
the axis downwards, \vliicli may become afterwards 
more or less branched. Another chv^s consists of a 
number of rootlets jiroceediiig from one point of union 
or attachment to the steiu. 

When a bimiile or lap root Ls large and succulent. 
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and tapers gradually towards its 
extremity, it is called a conical 
root (Fig, 31). Fx, Carrot. 

But if it fii'st enlarges, and 
afterwards diminishes, so as to 
become s]undle-slia]HHl (Fig. 32), 
it is termed fasi/orm (fusus, Lat. 
a spindle). Fx, lladish. 

When a root ex))ands still 
more in a hderal direction, be- 
coming globular, or more like a 
hoy’s i(»]) (Fig. 33), it is luxpxform 
(najyus, Lat. a turnij)). Ex. 
Turnip. 

If instead of a single axi.'- 
there arc a number of rootlets 




(Fig. 34) ])roceeding from, 
or near, a eoinmon point 
of attachment, and tlnse 
aie all threadlike in fonn, 
it is called a fibrous loot. 

Ex Grasses. 

When some of tin se 
rootlets become enlarged 
and succulent (Fig. 3^), Ftg 34. 
assuming an ovate form, 
a tubercular root is formed. (Thie 
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must not he confounded witli similar 
swellings in an nmhiground stem 
called tubers.) Ex. Orchis, 

When tlie swellings are numerous, 
and .succeed each other so as to j>re- 
sent the apjiearanco of a string of 
beads (Fig. 3G), it is called a moni- 
lijonri root {numiley Lat. a necklace). 
If, instead of being separated, the 



bTKUCTURAL BOTANY. 


31 



T\a. 3C 


swellings are compressed 
together so as to ap])car 
as rings around the root 
37), it is annular ed 
{(nttuduSj lAit. a ring). 
£x, I pecaouanlia. 

Wlieii some of the 
rootlets become succu- 
lent and enlarge tov/ards 
their extremities (7'V^. 
38), a nodulose root is 
formed (noduSf Lat. a 
knot). A'x. Dropwort. 

WIh‘ 1 i all become 
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succulent and en- 
larged, so as to 
reseinblo a bundle 
of fu-iforin rootlets 
(Fig. 39), the nait is 
Bjiiil to be fascicu- 
laU'd (jasclculiiSj Lat. 
a little bundle). Ex. 
Dahlia. 

Loots tliat last 



only one \ear are 30 . 

anmud; if two veal's, 

biennial; but if longer, 'perennial. 

The functions of the root consist not only in fixing 
the plant firmly to the earth, but also in obtaining 
nutnment from tin* soil, and often in storing u]) organ- 
izable matter for its su])])ort. 

When two fluids of different densities are se])arated 
by a jienneable medium, two cuirents will be estab- 
lished — one outwards, called exosviose (exo, Or. out- 


wards ; osmosy iinjmlsion), and one inwards, called 
mdosmose (e/wfori, Gr. within), wliich will continue 
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until the two fluids are of equal densit]f. By means 
of such currents vegetative action is carried on. The 
fluid contents of roots are of gr(*iiter density than 
the nuusture of the soil ; an emlonmofie current is 
therefore established, for which the root-hairs and the 
newest ])art of the root protected by the spongioles are 
the medium, accompanied also by a much smaller 
outward or exosmof>e enn-eut. Evaporation continu- 
ally going on in the exjiosod portions of the plant, the 
contained fluids are never reduced to tlie density of 
the medium in wdiich they grow ; hence the inward 
current, or absorption, does not cease while the vital 
action is unimpaired. 

Adventitious roots are formed in some ])lant8 for 
the purpose of aflbrding additional support to the 
stem. 

In the ivy they serve tlie oflice of tendrils. From 
the branches of the banyan they arc j>roduccd down- 
wards to the soil, in which they fix themselves, and 
develop true roots. 

In the screw-jnne and mangrove they are developed 
in a similar manner from the lower parts of the stem, 
and liecome rooted in the soil 


SKCTION XI. 

ASCENDING AXIS.— KXOGENS. 

A typical plant may be characterized as consisting 
of ste7n ami leaves. 

The stem is the axis of growth, and lias, ordinarily, 
a portion above ground, vvhich may be considered ?is 
the ascending axis^ and a subterranean portion, which 
is tfie descending axis. All brandies, whetlier of tlie 
ascending or descending axis, are portions or offsets ot 
the stem. 
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All the parts of a plant are referable to one of these 
typical forms, t. e., stem and leaf. 

The ascending axis^ or, as commonly called, the 
steni^ in its earlier stages consists almost entirely of 
cellular tissue. Fibrous or woody portions are after- 
wards developed. Some plants are entirely devoid of 
this axis, and consist merely of cellular expansions, 
called a thallas {thalloSy Gr. a frond). These plants 
are denominated iludloge'tu. 

ihovi.sion is made for a regular and systematic 
development of leaves and branches around the axis. 
The j)oii)ts from whence leaves and buds issue are 
termed nodes (nodus^ Lat. a knot), and the spaces 
between tliem i'idernodes. 

Somelimes the internodes are so much shortened 
tbav the nodc.s are clustered together just above the 
surface of the ground, and the leaves appear in the 
form of a ro'^ette, and without any evident stem. Ex. 
Primrose. 

T)h‘ internal structure and method of increase in 
stems lias formed the basi.s of a divi.sion of them into 
three great groups or classes, Exogens, Endogens, and 
A crogens. 

Exogena {exo, Gr. outward ; gennao, to produce) 
to which class our fore.st 
trees belong, are characterized 
by the poss(*ssion of a se]>arable 
bark, wood arranged in can« 
centric liuers, the youngest at 
the eircumfeience, a central 
pith, and medullary rays j>ro- 
ceeding from the pith to the 
bark {Eig. 40). 

The jiith, or medulla (I.iat. 
marrow), is comjiosed of cel- 
lular tissue, the cells being 
n 



JVy. 40 



34 A M \NUAL OF 

often hexagonal. In the young plant it occupies » 
large ])roportioii of' the stein, fn some plants it is 
more lai'gely developed than in ot-lu'rs. F4X, Elder. 

At tirst the is greenish and succulent, but 

afterwards beconu's pale and dn. ]t does not increase 
in growth a Tier the iir^t year. 

he rico-pa] er of the tdnnese .aid tl e shola })ith of 
India are then t'duila of e(‘rtain idaids 

M^duUarii isheaiJi. This imnu' iiuti'ly ‘i.rround.s the 
pith, ar.d consists prim ipallv ol* spnal \t5-els, IVo- 
longatiiuis from the jiit'n pa s het^\(<n t)u‘S(‘ vessels 
into, and int(rsect tlie woodv liyei^* (nK'diillary rays). 

iroi« - oepo'-itcd aniHulls ii» or circles, 

uj'on tiiai oi tl»e ]»r<‘\iou*. yt.ii. \ u in^\ers(» section 
ol an exogenous sU'in shows th<s(‘ < -•nt»ie zones, or 
ri7»gs of wof*d, each (d* >\hic»i i- -jvneialiy tlu‘ produce 
(d a single \ e ir. lfoin(‘ tlie 'g'-s o( tiees ha\e been 
ealculat.d from the iiuini ei oi’ t.o^e (omamtiic rings. 
In s’onie trees the eiieles ii(‘ m'oktd ?*iueh more dis- 
tinctly than II) . 'I h<’ external layers are the 

youiige>>'t. Tilt iutt ) nal, or ohk'-T oi v* isionally exhibit 
a distinet tullerence in cohuir. Fx. liignmu vitie. 

The concentric rings are ii(»t alvNay^ d(‘velop(‘d 
equally ail around the tns* ; i^o that Hk* ]'ith is not 
always in the centre. <Jn tliat side of tlie st(*m wliich 
has, during growth, been most e\})osed to the light, 
th<* w'oody la\er.s will he found tliit her, and the entire 
rings of some years will gi\e evidmice of a more 
vigorous growth in a wider circle twi tliat year. 

Duramen {duras, Lat. hard). Tin* interior, or heart- 
%f)ood, called also duramen^ from its gi eattT hardness, 
is black in the ebony, and browm in coccus- wood, w hile 
the external layers of alburnum Qdbus^ Lat. white) or 
sapwoody are pale-coloured, soft, and permeable. 

Cambium. Between the external layers of wood 
and the bark^ a copious semifluid mucilage is found in 
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the spring, to w]ii<jb tlie name of cambium {camhio^ 
Lat. to change) has been given. Cells are afterwards 
formed in it, which become elongated and d(^})osited, 
.md oiigmate the new layer ot wood tor the year. 

Medullary rays may be seen radiating from the 
centro in almost any transverse section of an exoge 
nous stem. Tliey constitute the medium of coinmu- 
nioation betv/(*en the j)ith and bark; and consist 
chi efly of f]att(‘n{‘d uniriform cells. These intcrsec- 
ti ons se[)ar<ito the wood into a series of wedges, more 
or less widely rejhu-ated. Tlxese are sometimes very 
distinct, J'jX. Chmiatis. 

The Baric oceuj)ies tlie most external ])Ositinn in the 
plant. It con'5i.>>ts of three Liyers, besides the epider- 
mis, i. e . — 

Bpiphlttuju {rpi, Cr. upon : phloios, bark). 

Mesopltfa u))t {ineso'^j Gr. middle). 

Endo}>hl(i ion (mdou^ Gr. within), or Liber. 

The EjHpJtlii utn^ outer or suberous layer of bark, 
consists of Hat t,ibu].ited cells. In some instances it 
is very tbin, and in others largely develo]>ed in a thick 
corky layer, wdileh i\adily separates from the series 
below it. Ex. Goik oak. 

The Mrh<)j)hl<cinn, or middle layer, is generally 
develoj^ed to a less extent than the outer. It consists 
of cells dillering in form from those of the epipblceum, 
with thicker >valJ.^, and intercellular spaces. The 
laticifcrous vessels (;ccur in this series. Tlie meso- 
phloeum is occasionally much developed. Ex. Larch. 

Tlie Etuloyhlmim. or liber ^ is the fil irons or vascular 
layer of tin; bcirk ; it is the bast-layer^ so usefid for 
textile purposes. During growth it se])arates into a 
kind of network. Ex. Lace bark and Cuba bast. 

Additions arc made to the cortical layers inl&iruiUy. 

The cdlular system of the stem has been seen to 
D 2 
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consist, in exogens, of the pith, medullary rays, and 
two outer layers of the bark. 

Peculiar and anc)n)alous forms occasionally occur, in 
which secondary woody masses surround the central 
or primary one. 


SECTION xn. 

ASCENDING AXIS— ENnO( JENS AND ACKOGENS. 

Endogens (endon. Or. within ; getniao^ to pro- 
duce) include the palms and grasses, as well as 
other natural orders of plants. U'he chief features in 
endogens consist in the cellular and vascular systems 
being mixed together, or ratlier, in the cellular por- 
tion being traversed throughout its (‘xtent by vascular 
fibres. They do not possess a distinct eiaitral pith, 
medullary rays, conce.ntric lings, or a separal)lc bark. 
The external portion of the stem is tin* hardest. The 
name originated with the beliid’that the j»tem increased 
by additions at the centre, so that tlie materials 
earlier accumulated were pushed outwards. The 
structure of a palm stem being accefded as a type, it 
has been shown that the new tihn's jiroecssling from 
the new leaves downwards first direct tluunselves to 
the centre, whence they aoon 
diverge, crossing the existing 
fibres in their jirogress to the 
circumference, wliere they 
become at hist the most ex- 
ternal {Eig. 42). Kxogens in- 
crease in diam(‘ter indefinitely, 
endogens do not thus increase 
beyond a certain period {Fig, 
41 — 42 ). 

t!SnA\. At tbe upper portion of thr 
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palm stem, the vascular bundles 
proceeding from the leaves contain 
spiral, porous, an<l luticiferous ves- 
sels, mixed with thr(‘ads resembling 
liber. Tlieso all successively dis- 
appear, ex(‘<‘pt the last, or become 
convetted into a complete network 
of fibrous tissue as they i-each the 
circumfei once. 

In grasses the stem is often hol- 
low from node to node, at which 
])oint the fibres cioss over to oppo- 
site sides, and by intei lacing form a 
dissepiment or [)artition acioss the 
st(im In the rapid growtli of this 
kind of .st emthe moiecelluLir central 
portion isruptui(‘d and disa])pcar.s. 

Circles are sdiuctime-. visible in a 

iransverso section of a palm stem i\e) i2. 

from the upper port ion, but these 

bear no anah»gy to the concentric rings of exogens. 

The loose thuady character of palm steins renders 
them alrno'^t vaUude^’s as timber trees : this is often 
com])ensutMi for by other valuable products. 

Acrogpus (jikron^ Vjw summit). In this instance the 
additions to the Meiu are de- 
pendent upon (lie union of 
the buses of the h‘af-stalks, 
and the extcmsion by growth 
of fresh lea^ t's at the summit, 
this class, tree ferns 

belong. 

Acrogens have no other 
stem than tliat formed by the 
union of the bases of the leaf- 
stalks with the axis from isv; as 
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which they were develoj)ed. Scars are left on the 
surface of the stein where the uppcT ])Oi’tion8 of the 
leaves have fallen away {t^ig. 43 ). 

A section of a tree fern exhihit.s a circle of irre- 
<;ular vascular Inindlea near tiie circumference, which 
were originally each of them the vascnlar system of 
leaf'Stalk, Tin* rest of the stem is cellular, which fal 
away eventually in the centre, and leaves the ste 
hollow. 

The stem of a tree fern may always he distinguishe 
from that of an endogen })y the presence of the vas- 
cular huiullcs, and the rhomhoidal scars on the 
exterior. 

Acrogenous steuis are seldom branched <»• furcate. 

The leaves of ucn)<:<ms are denominated fronds 
frondiH^ Lat. a hut), and ihe petioles, or 
stems, are called (Lat. a tmnk ot‘ a tree). 

are said to In* prociinthc'id {'I'trocumbo^ Lat, I 
ue flat) when they In* on the ground. 

Scandent atems {scatuio, Lat. 1 climb) arc such 
climb by means of .suckers or tendriK. 

Voluhife strrns (rohibilis, L.it. easily turned) are 
those which entwine around other ])lantvS, as the hop 
and honeysuckle. 


SECTION XIII. 

SUBTERRANEAN STEMS 

Under the name of subterranean stems we have 
included also those which are prostrate and not strictly 
subterranean. 

The majority of forms to be de.scribed in this 
K(*otion are poj)ularIy designated as roots. 

It must l>e remembered that roots do not poRsess^ 
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8 cal(*s (mo<lifi(‘d If^aves^ or bu<Is (rndnnentary leaves) 
or node*, (whence' bu(h> are developed) 


I’lu* Rhizome {rhizfiy (Jr. 
a root), or rootsioclc, is a 
thi( k, ])rocuinbent htem, 
parlly, and sonietiinos 
ewtixdv, under tin sur- 
face of* the st)i] It dove- 
lo})s roots from it- under 
fcide, and leaver from its 
upper. Jis snrfae<* "one- 
rally be irs the scais left 
by the falling away of 
old leaves {Fuj 14 ). 



Roc. Ins 


h( u 


The Flugellwin (Lat. a 
young twig), or i miner, 
IS a long, slender, })io- 
cunilant blanch, which 
develops a leif-bud 
from its up] km surt.iee, 
and roots fi om its unde:, 
at each noile. E eh 
g<»tatiiig node !)< eoines 
a])erfect plant {Fiq 45 ). 
Ex. Stiawberrv. 



Tin* Foholei> 


(Lat. a shoot or 
young biunoli) is 
a cieejhiig und<*T- 
grouiid stein, or 
liranch, whu h 
emits roots from 
’ts un<l(*r surfico 
and leaves from 



its upper. It thus 


Pig !>•» 
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resembles a rhizome, but is luucli more slender, and 
subterranean in its character {Fig* 46). Kx. Cf)iKdi 
^2frasa 

The Tuber (Let. a knob) is a thiclr- 
ened portion of an inubn i^roinid stinn 
or biaueb, which serves a <lejK>sitor} 
tor stiich, and oilier notiitnus secre- 
tions ioi tlie seiMco of the pLiiit {Fk} 

47). Et. Totiito 

A scaly inodilication of tlu‘ tuber 
exists in the species of Mivranta which 
fields airowrocd 

Eulbs iiie ^cil} inodilicatunis of leaf 
buds developed upon a fhittish disk, 
fioiii tlie iindi r suiface of whfcii loots 
aie dn<‘ct(d oounwaids 
{F>g 4h) A’c (>{ Hui 

i lie Psrftdo bti^hs of 
orclin's iii(‘ t ]ii( lv< nir of 
the b ise of (1,0 ‘ t( in by 
the deposit of has oi me; 
they aie j)iodu((d abo\e 
ihe sniface, and Are of a 
green colour. 

Contis {kormo^ Or a 
stein) aie also ex{ ansioris 
of the base of tlie stern, 
diflering trom bulbs in btiii" solid and 
not scaly, and from pseudo liulbti in being snbteira- 
nean, and conaeqinmlly not green. CoiriisaUo contain 
Rtarcb and other rintiitious secietions. Some hotaniata 
consider them as buds 49). Ex, Meadow saffror*. 

BuU)Sy psemlo-hilhs, and corma are con 6 nod to 
endogenous planta 
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SECTION XIV. 

LEAF-BUDS. 

Tjcaf-buds are eitlier axillary or terminal, e. 6., they 
constitute the extremity or growing point of branches, 
or are ]:>r(>diicod in the jLxiU of previously developed 
leaves. 

Because of their capability of being removed and 
engrafted or buddtul upon other plants, they have 
been called Jixerl embryos. 

They are geiK'riilly j^rotected by scales of a firmer 
texture tliari the leaves themselves, which serve a 
temporary ])iirpose, and tlien fall away. 

These ^cal(‘a are la{)})ed over each other, in accord- 
ance witli a spiral arrang<UDent, so that the bud 
resombh's a small cone. 

'Che inrangement of leaves in the bud is termed 
vernafion (rrr, Lat. spring), and follows diflerent plans 
in di ert'jit plant*-, acnu'ding to regular fixed laws. 

The tollowiiig are the most common forms of 
tioiL First, ot iiidi\iilual leaves. 

JicduLaU' [recIinOf Ltit. I bend 
back), iohled rlown from the ay)ex to 
the base (A'</. ^00). J'Jx. Liriodeiulrun. 

Ciremate (dixitto^ Lat. I turn 
round), rolled from apex to base, as r>i. 
in tlu‘ fronds of ferns (/"Vy. 51). 

Condv pliaite {conduplico, I dou- 
ble), f()l(lc<l laterally (/>%. 52). 

Ex. Oak. 

Plicate (f^at. knit together), se- 
veral folds like a fan {Elg. 53). Ex, Vine. 

Convolute {convoho^ Ijat. I entwine), rolled upon 
itself {Eig, 54). Ex. Apricot. 




Ftg f..i. 


I' 

Fig. f>0. 
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Invohde {involvo^ Lafc. T fold in), 

( I with the odi»:os rolled in wiinlH ^ 

^Kir 55). ^Ex. Violet 

Fig. w. Reis>lute {revolvo^ Lai. 1 roll ^ 

back), with the cdgcH nulled out- 
wards (Ay. 0 6). Ex. Uosoinary. / >./ fifi. 

The arnin^tMiicnt of all the leaves in the 
bud gives risi‘ to other nainoh. 

Vaivate (raivtp, Lat folding- /\ 
doors), Jiearly in a circle, at the / 

I • I same lev^el toncliing each other by 
^ the edges (/’Vy. f)7). 

Fig. hi. IniLriatfp(l {i/nhri\r. JjJit. a roof- 
tile), a})piied over t‘aeh other at dif- 
ferent levels, as the tiles of a house » » 


lercnt levels, as ti*e tiles oi a 

lCCt) 

l\rl\Uid or .s'o/m/. Wh(*n 


Tiri.sted or spiral. Wh(*n the 
rig.oih niargin ofoiiC leaf overlaps that 
of another (Ay. 50). 

I7i(hi2)lu‘ate f»l(ieil in). The leaves 
are folded so a.s to touch at tlieir (‘dges, ^ 

— or the nuirgins are folded in- 

djiSN "'3''^ {/'■'>. (JO). _ 

Equiiant (^Pfjuito, Lat. T 
ride), conduplieate leaves covering €«ach 
_ other in ojyiositiuii (Ay Gl). Ex. Privet. 

Olwolafe {olM'olnt^ hat. 1 wrap round). 
^ ITalf of one leaf covers Jiall of anotlier, 
so that it become.s lialf-equitant (AV/. 62). 
Ex. Sage. 

The bud Ls often }>rotected by a resinous exudation 
or a downy covering. 

Eidbs (see Eitj. 49) are subterranean buds, in the 
centre of wliich is a growing j>oint covered with scales. 
New hulb.s are formed like buds in the axils of the scales. 
EulbUs are small rounded bodies resembling bulbs, 
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nt 
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oonsistinfy of a number of Uiickerx^d scalos, frequently 
con soli dated tofjothcr. They are found in the axils 
of the leaves of some lilies, are easily detached, and 
capable of producing young plants under favourable 
circumstances. 

Adventitiom huds in the form of woody nodules are 
found in the bark of some trees, and are called by 
Duti-ocljot embryo-buds, but more appropriately by 
Dr. Lankester, abortive branches. Ex. Cedar. 

Le:il-bu«ls may become ai rested and transformed 
into splnea^ or thorns, as in tlio sloe and barberry. 

Under otlier conditions, leaf-buds maybe converted 
into tmdrUs. as in the passion-flower. 


Brandies are 
3 ex]iansions of tl 
! j i de\elope^ leaf-lm 
* ‘ 'i i' i, ‘ fiom tlie cel] 


Brandies are but lateral 
the stem, or 
leaf-buds j>roceed- 
dhilar system 
of the stem ; branches of the 
first ;iear, dii-ectly from the 
pith and mediill.iry sheath 
\Fiq. 63 «), and those devel 
o))ed afterwards communi 
eating through the medullary ?a}s (/'7y. 63 6) with 
the central medullii. 



Fq (53 


SECTION XV. 

LEAy.STKUCTUllE. 

Leaves are appendages to the stems of plants, and 
may be regarded as expansions of the bark. 

A leaf generally consists of an expanded portion, 
called the b/(f(Je or and a stalk or petiole.^ which 

latter sometimes ex])aiids at (he base into a sheath or 
vajina embracing the stt'UL or becomes developed into 
leaflets called stipules. 
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Leaves consist of vascular tissue in the vetns or 
rids, with cellular tissue, or parendiynm, filling up the 
interstices, and an epidermis covering all. In what 
are called skeleton leaves, the cellular portion is 
removed by maceration, and tlie network of the fihro- 
vascular remains. The lattice-leaf [>Iant of Mada- 
gascar has skeleton loaves with verv little h /ma> 
The jSpidermis (epi, Gr. iipcm ; denjia, skin) ifu sista 
of more or jt‘c,s coiu})reKsed cells, haring a diHerent 
structure on the u}>per and under side of the lejii. 
The cells of the epidermis are generally flat, with 
sinuous, wavy, and irregular margins fitting in to 
each other, and leaving no o2)cnings or int< re(‘lhilar 
spaces, excepting stmruilcL 
Tlie^e latter oritit‘(\s occur 
])riiici})aliy in ihv i])iderni's 
of the under siir/ac(‘ of ai'nal 
havts, and the r surface 
<d’ floating leave's {Fi / i\ i ,s ,s) 

I’he c( Us of the epidermis are 

] are parent and coloull(“^^. 

"fhe rarmi/iijma is the 
cellular tishu,‘ of the leaf which fills up ilie intt-rsticeB 
between the vt ins. It consi^ts of two series of cells, 
each containing chloiojUi; 11. Ddow the upptT epi- 
Ucrmis of the Icsd tlu* cells are arranged nioi e clostdy 

together, perpendiculaily to the surface, and with 

very small spac<‘s between them. Tlic cells beneath 
are arranged iiorizcmtaliy, are more irn'gulur, with 
larger intercellular space.s. This arrangement varies in 
difiercnt ]ilarits ; in some, where both sides of the leaf 
are eciuaily exposed to the light, the cellular series are 
similar on both sides. 

Snbrnerged leaves have no true epidermis, no fibro- 
vascular systetn, and no stomata. They consist of 
closely-compacted cells on the surface, which become 
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elongated and compressed so as to resemble veins. 
The internal cells are very irregularly disposed, with 
largo intercellular spaces containing air, which serve 
to support the lea€ 

The vascular system of leaves is also double. On 
the up})er side there are spiral vessels, reticulated or 
porous vessels, and woody fibre, and on the under side 
laiiciferous vessels and fibres. These ramify through 
the leaf in the form of cither simple or branching veins. 
This vase ilar system is a continuation of that of the 
stem, the upper corresponds to the woody layers, and 
the under to the llber^ or endophlosuin. 

I'he venation, or distribution of the veins of leaves, 
varies in diflerent ])1 nits. 

In tliick or S7tccn!enf- leaves they cannot be distin- 
guished, on account of tlic mass of cellular tissue in 
which they arc imbediled. 

In the lower orders of plants, such as lichens and 
sea- weeds, and in submerged leaves, they are absent 
altogetlier. 

In an ordinary leaf, as in that of the oak, there is 
a central continuation of the petiole, or footstalk, 
which is larger than the other veins. This is called 
the midrib ; it gives off other veins from cither side, 
whicli are called j/rimary, and if these give rise again 
to others, they are called secondary y &c. Leaves oi 
thLs kind, with one large rib, are called unicostate 
{unus, Lat. one : costa, rib). 

In such !<*avcs as those of tlie sycamore, in the 
place of one ('.entral rib, there are two or more diverg- 
ing from the point of junction of the blade with the 
petiole. I'heae arc nmllicostate (liat. many-ribbed). 

In all these instances there is a coin])lete network 
of veins produced; heiice tlio term reticuLated (reti 
(ndtiviy I.,at. a net), or uot-voined, has been applied 
(Fig. 65). 
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/K III some instances the veins end in 

cuivatuits within the inaij[m of the 
leit in otluis the \eiiis j rocoed di 
\ letth to the iniii^in as in the oik 
^ Du litlei, t »i tlu sikt ot ihstnic ion 
hi\i )t 11 it i nu d /< icinni 

Jn jliiitsol aiLitiin kind wlnt.li 

ts ts iHa> In liken as i lannli n 
i < \ in I It tlu It 1 a nndiih aiid\tins 
\Av / luinmij; } ii ilhl t ) it tiom the hast Lo 

tlu ij t\ of tlu It it (Ti^ 
oi in otlitr and hbs 
funiiiii instincts tlu re \ 

^ t\i 11*1 till nndnb / \ 

with \t ins lui uini' lium ///* \ 

t to ti c 1 n ^in < t i Ik I d in n sti u dit /// / 

01 lu il\ 1 n^l (Ih< 1 n is in the //// , A 

plan ill in i 1 m in i c t t lit ti >] its I j 1 

♦ loil ». t'l l i( n ^(11 1 illv sin ill I I 'I I 

Minht ui itii JT tlu it I IS lo^t thei, 1 ut ' I jj 

tlu>< iitluiu) iit^i ii It iwtik ind \ / // 

^ lit iisiithcunt to ])ie- \U 

# v(ntt]u h d bein^toin 
dtwniii strips httwet n 
titiy jdir ot icins j ^ 

J iitst aif instanctB of 
parallel venved k ivt s 

In the kdics of kins a third kind 
[ icnitioii IS distinguishable in 
which the icms divide in \ foiktd 
iniiiiKi ILis kind of venation ip 
the It foie tc lined furcate (furca^ Lat 
a folk) (/'V ^ 7 ) 

67 general rule, exogenous jjlants 

are possessed of leaves with a leticulatcd or netted 
venation, endogenous plants of leaves with a parallel 
venation and acrogens of fnicate veined leaves 
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HKCTIO.s XVI. 

L K A F - F O K M. 

Many distinctive fealiu'cs .ire imparted to leaves by 
tLe relative developmeut of their vascular or cellular 
tissue. When the vasc«ihir incn^ases most rapidly, 
and the parenchyma is injuiflicienb to occufiy the 
intennediate span's, the h <if hocv)fnes deeply divided ; 
HOinetinies the pan'nchynia is r(*dueed to mere threads 
along €S'u*]i side of the print ipiil vedns. Tliis feature 
is exhibited by iho h*a\eH (d the liorsercufnh when 
grown in sand or \ery poor soil. The vastoilar tissue 
may be j)rolonged beyond the margin of the leaf, 
terminating in spiin"-, a, in the holly. Under favour- 
ahle circuin.')tanc('s, the ctllular jjoi'tion is most deve- 
loped, so that the s})ac(*s b' twc'eii the ^eins of the leat 
are too small to allow of iit, King h'vel between them; 
in tills case it forms prou imuices, giving to the leaf a 
curled, crinnjded, or ooirugatcd appearance, as in the 
Savoy eabb.age. 

The innumerable' forms of leaves may be well 
enough char.ieterized for ordinary [jurposes by a few 
prominent t vjx's. 

They are simple, when tire blade is undivided, or 
when the divisious do n(»t ])roceed directly to the 
midrib. 

WIh'u tliese conditions arc not fulfilled, the leaf is 
said to be couipomnl. i 

Simple leave 'i, Mheii undivided, are — I 

Ackjulak (needh* sha])cd), when long and fila- 
ment-like, as in firs. 

Subulate (awl-hhuped) when narrow and 
Lajrering from l>a>e to apex, as in the yew U 
68) i* • 8<j. 
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Linear, when ion^ and narrow {Fig 69 ), 
but of equal width throughout. 

Lax<t.olate, shaped like a laiico-head 
{Fig, 70 ). 

OvATi:, eirg-sliaped, broade‘-t towards tlie 
base {Fig, 71 ). 

(Ir.f^VA'ii; IS reversely ovate, broadest at 
tlie apex {Fig. 72 ). 



()VAL. or elliptical^ widest in the middle /.Vp 
{Fig, 73 ). 

OKBicrLAK, or round {Fig. 74 ), This fo^m ol 


Iccit is generally peltate. 



71. i'lq 7' JAu 74 

Reniform, Ol k^hiey shaped 
{Fig, 75) 

CoiiDATL, heait .shaped (/'?7 

7(!) 

OiiCOUDATE, re \ < I M‘ly lu^ai t - 

shajied (Fig. 77). 

Sagiitatl {sagitta. Lat an airow), shaped 
like ail arrow-head (Fig 78) 

Spatiiulaie {hpatula, I^at. a kind of spoon), resem 





l^q. 76 


F«7. 77. 


Fiq. 7« 


F/ff 7Jt 
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Panduriform {pandiiSy 
Lat. bent in tbe middle 
somewliat of the form of 
a fiddle {Fig. 80). 

Sirnjde leaves, when di- 
vided, may be — 

Bilobate, or two-lobed. 

Trilobate, or three - lobed 
{Fig, 81). 

H A STATE, halberd - shaped 

{Fig. 82). 

Quinquakoular, five - an- 
gl(‘d {Fig. 83). 

Palmate, with five lobes, 
resembling a hand {Fig, 84). 

Pedate {pesy Lat. 
a foot), from a 
supposed re- 
semblance to 
the foot of i 
bird {Fig. 85). ^ ^ 

Fx. Hellebore. 

A *af is said to 
be compound when 

it is divided down to the mid- 
rib, so that the subdivisions 
aj)pear as distinct leaves, which 
called, in such instances, 
ItaJlHs. 

Tern ate, when composed of 
three leaflets {Fig. 86). 

When this division is re- 
peated u]>on itsi'lf, tbe leaf is 
biter tidte; and when again repeated, triternatc. 

Digitate {digitus, Lat. a finger), when there are 
five leaflets, like the fingers of a hand (Fig. 87). 

E 




Fig. Si. 


Fig. 85, 
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\ PlNWll ! \ 

/] /irt, Lit l ft t r-^ U) 

V |j/ ^lui) whtii tl<e \\m ) 

\^\l I ^ l(ifltts ire II" 

^ V V 1 injft 1 ilont' the ^ 

MtltS <>1 tilt |( V^Z/T / 

I ^it)K (-f// 

i Tlu \ III i\ b ( p \\\ I 

^ positth/ oi aiff) ^ JiT y 

^ vuitehf |nniiatt I A ^ 

? ytZ^ \\ 1 t 1» ( uh 

b i n X j in 

^ ri iti in uii ( i,tlic / 

^ ) 7 fi2 ycS h \1 IS hipinii(it( 

i^Miii snlxii 

y vi(k 1 tnjm nat {I if/ hO) A\ In r* 

j, ; (. not ickiihh to in\ one of these 

fnins l\ I niou coiii]>hcato<l 
sundui^on the hit is s lul t( 
ihioinpound. 

In x»nuion of compound 
^ I i\( i^n t ^ ^^lth tint ot simple 
coinjiound chdiac 
^ t ( iltnifr from deficient 

^ W )„lltll( l.,s, of 

^ t n I ^ ( s tin t'/Xl) 

stem, it irt amp^ 'lumil (nmr 
. ple7m% Lilt ( Tiibiat ir i;, cavity, / \\^ 

''tiin) {Fig Dl) NvV/n 

^ll \ WJien It luns along «iiid ih // 
-fH J united to tlieshin, is lumgcd VJ / 
''^■^-4 appendsgtjit ls {de j 

curro. J^at I iim along) (/ n/. 

92). Ex Thistle 
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When the bases of two leaves unite, they 
arc connate, (Fig* 93). Ex. Teasel. 

( Tlie margins of leaves al.«o present dis- 
tinctive features. When smooth or with 
<jiit scrraturcs. tiiey are entire. 

93, SKitKATE {aemi. Lat. a 

saw), when indented lik< a w ^Fig. 

1)4). 2^/7- 

>v Biskkratk, wlieii each of such in- 
(Jen rations is again siiniluj J ^ indented 

Y\ T\ -cv. ItnxoiNATi, (rnneina, Lat. a large 
.siw), louthed like a jat-.saw {Fig 
^^3 <) 0 ) 

CirrNATJ:, witli c*on\ex s<ar.ita!e' 

{Fig. 1)7). 

I)i:xTATr (dens, Lat. .r lo<»tk\ 
wifi) eoneavo serratun*-' (Fig ^ 

i)cSj. 

Ac CUTELY CdlKNATE, VS hen tln- 
wn’raturos are reel angular (Fig. 

ODV 

CruATED {ciliuiti. Lat, an eye- 
la.slO, when fi'inged with haiv.-' i-V. 

{Fig. ] OOj, ^ 

SiM*ATi., or waved ; often irregu- \J Nw/^J 

laily {Fig. 101). Ftg.ioi. 



BECriON XV 1 1. 

L K A F - 1) R 1> E R. 

Leaves are arranged syrn metrically about the stem ; 
this is called Letf-order, or Phyllotaxis {phuUon^ Gr. 
a leaf, taads oi’der). There are regular nodo.s at 
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vrhich leaves ate developcM], in accordance with a defi- 
nite plan. 

Each node is capable of developing a leaf, and wlien 
the arrangement is such as to produce single loaves at 
diflerent levels on the axis, the leaves are theji said to 
bo alternate. Ex. Lima 

When ^ome of the iuternodes are shortened, so as to 
bring two leaves to the same level at opposite sides 
of the axis, they are called oppoinle. Ex. Lilac. 

If more than two leaves aie 
developed at the Siime level, 
they are said to be rertieiUate ; 
and the lea\es thus arrang(‘d 
constitute a I^at. 

I turn), or whorl {E'uj. 102). 
E.v. ( joos(*grass. 

When ])airs ot o}»p()site leaves 
•Toss at ni^ht tiijgle.'*, st* that the 
hj.*'t and thinl, and sec^ond and 
toiiith pair aie perptuulieular to 
each other, ihe> are dfriumte Lat, 1 cut 

across). Ex. Dead-mUtle. 

Alternate l<*aves ai’<‘ arr.uiged in varit*d order in 
di/Teieiit species of jjlaius. When lh<*y form two 
rows on o]»j)osito sides t>f tlu* stern, so that tire third 
leaf IS ov<;r the first, ilu‘ arrangement is cli6tirJu)UJi 
(di.s, (ir. twdce ; sdchos^ rank). 

The spiral may be accepted as 13 '^pical of leaf-order, 
and the diflereni aiTang<*nients may be r(‘pi*esented by 
tractions, in wlrich the numerator shall ia'])reserit the 
number of turns in the spiral, and tlu* denominator 
the number of leaves eneountcu'ed iu asj)ir*al pi'oceeding 
right or left from any given leaf to the next one 
immediately above it. 

Thus J re])res(mts the disticlwus arr angement ; two 
leaves being encountered in one turn of the spiral, the 
third being over the first. Ex. lame. 
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And J the tristichcms. Ex. Sedge. 

I* represents tlnj tntrastic}u)U8. In this instance two 
1 urns of the 8]>iral must be traversed before a leaf is 
encountered, which is directly over the first, and which, 
in this instance, is the sixth. Ex. Oak. 

I is another common arrangement. Ex. LanreL 

^ is found exemplified in the Ilouseleek. 
in tlie lanceolate Plantain. 

-J-J in another Bj)ecies of Plantain {Plantago 
and other plants. 

In some instances a certain number of leaves are 
fascicled, or collected in a bundle, surrounded by a 
sheath at the base. Ex. Fir. 

A tlieorv has been propounded, based on accidental 
coincidences, that the angles at which the primary 
veins of the leaf diverge from the mid-rib, the princi- 
j)al branches from the stern and those from the root 
coincide ; but tlie tacts do not appear to us to be 
proven. 


SECTION XVIII. 


LEAF-AUrENDAGES. 


The 'petiole {jwtwlus, Lat. a 
stalk), or stalk of a leaf, forms an 
arti(‘ulation, more or less com- 
})lete, at the point of union 
with the stern. In some in- 
stances a tr-ansver.se articulation 
takes ])lace, as in the orange. 
The cusliion-like swelling some- 
times occurring at the base is 
called a pulmmus (Lat. a cush- 
ion) j in the gooseberry it is 
changed into spines {Fig» 103). 



103 . 
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When a ]>etiole becomes deve 
loped in a leaf’dilvc iiianuer, the 
lamina beitn: nl)t»rtivo, or nearly 
so. it is termed a phyllodiiA ta 
{p/mUon, Gr, a leaf), j&’x. some 
Acacia-i. 

Ooeasioniiily, tin* pftiolt* not 
only bt*eonn*s l«‘:if-Iikt*, b\it the 
inar^^ius are folded in ><0 as to form 
a kind of urn or pitcher, calK‘d an 
a.'ictdifan (tiskidhn, Gr. a small 
leatlu-r bottle), if ilosed, and an 
ampulht (Ij.it. an npr>u \<‘s^e^, if 
op(*n (/'Vy, 1<G). AV. lhteh*‘r-phuit . 

^\' in'll tin* laniiii'i In aborti\«‘, 
tile petiole may beeonn* trails- 
toiii'ed into a tendnl , or when a laniina i^ pre'-tait, 
the pt'liolc !iia\ oe extended bi*yoiid it in a tendril* like 
niiiuiier. I'lie unpt'r h'iilhts of a jnnnaTi* leaf an* also 
sometiiiu's coii\ (‘I't i*d \\\X(\ Undi'ds. 

< >n either suh* of tin* petiole, at its 
hast. e^paiiMoiH and motlifiealions 

oecur. Nvhitdi an* tlenoiiiinated 
(Lat. a straw). 

l’he'^e ait* ('xtremoly variabh* in 

form ami aj)pearanw {Fuj, 105 *). 

Wlieii they embrace the .sttmi, so as 
to inclose it in a kind f)f slnaitli, such 
form t)f stipule is oiilled an 
ocfirea (l^at. a hoot). Ex. 
Rhubarb. 

When tlnw n'sembh* l<‘UV<‘s 
in apjiearaijct*, they are said 
to be follace.oiLS. In some 
instanet*s tijey are very largo 
and foliaceous. Kx. Pea. 
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They may occur betweeu the bases of the petioles 
of op{)o.sitc‘ leaves, and arc then described as irUerpe- 
iiolwty (h'iy. lOG s). Ex, Cinchona. 

If the bti{)tiles are attached through their entire 
length on either side of the petiole, they are adnaUi, 
Ex. Hose. 

The fibrous mateiial found at the base of palm- 
leaves is often consitleied as of a stipulate character, 
and is termed a r(tictdum (Lat. a net). 

The .sheatliiiig petioU* of grasses is of an allied 
eiiaracter, and is cal Km] a cagi/ui, 

SU})ules are '•oineljines con- 
\(‘ited into tendiiK E.c. Smi- 
iar i<p. 

t)r tiny luay l>t‘ eonsubdated 
iiitv) tliorus {Ei(j. 107) Ex. 

Aeaeiit. 

Iiegaxd bi‘ {)aid more 

to tbeii* j)Ohition th.ni a]>j)ear- 
liiice, oJi account of tiair varied 
modifioatious 

Wlieii llic leaflets of a com- 
pound leat iui\e at their bases 
small a]»j)enda”es of a ^iinilai charact(‘r, these are ctdled 
Ex Bean. 

Leaves having .sti])n]es aie described as stipidcUe, 
but when absent, exstipuhitp. 



SI CTION M\. 

F L O W E H - B U B 

Flowers in th(‘ bud may l>e described as fixed 
jioints surrounded by rudimentary modified loaves. 
They difier frpm^ ’u the central point being 
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fixed instead of gi-owin^. Somotimca this central 
point departs from its fixed character, and, by con- 
tinuing its growth, as'^uines tlie lorm ot a l)i*anch, with 
leaves but dillbrinij fronj the ordinary leaves of 

the ]dant. Such a giowth is an tiiinatural one, and is 
geiieially characterized ns a nnuist r{»sity. 

Flow er-biuis proceed from tiu* axils ot* lea V(‘s Such 
leaves an* tetnu*d Jlonil leaves, or bracLs {hracteay l^iit. 
a thin h'af ). 

Sometimes tliese braets are coloured, as in Bmigatn- 
villea; at others they remain green, as in the lame. 

All intermediate leaves, w’hat(*ver 
size, form, or colour, intervening bctw^een 
the bract and the calyx, are (‘ailed bract- 
iHs. 

A single bract iri.iy become so enlargc'd 
and fol<h*<i as to inelo^e many flow^(*rs, 
wdiick are arranged on a i^padtx. Such 
form of bract is termed a spat he. It is 

either membranaceous, loliaceoiis, or woody 
10."^). Lx Arum. 

If sevi'ral liracts are arranged in a whcrrl 
or verticel aiound tlm base of certain kinds 
of infior<*>ceiK:e, such as an umbel or capi- 
tuhun, such a \erticel of bracts is called an 
involucre. Ex. Fool’s j)ar^]ey. 

Small braets wdiich over- 
7\ff los lap, or imbricate, lik(^ the 
tiles of a house, are often 
termed scales. Wlien the Imict.s of an 
involucn* cohere and foirn a cup around 
the base of the fruit, as in tlie acorn, 
it is called a mpuJe {cvpaJa. Lat. a 
little cup {Fig. 109) 

The manner in which the floral en- 
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velopta, t. the calyx and corolla, are arranged in 
the bud, is termed cbativation (cestlvuSf Lat. belonging 
to summer). 

This arranger) lent often differs from that of ieaf- 
buds considerably, and is commonly of one of the 
following kinds : — 


Valvath This is the same as 

viilvate vernation in leaf- / \ 

CV hiids(i^V^. 110). \ * / 

^ ^ Induplicaie. When the mar- 

^ gins are folded inwards no* 

(/%lll). 

Fiff. 111. CONTOUTEI). or TWISTED. # 

When twisted in the / 1 

bud {Fifj. 112). 

/ *1 iMimK’ATE. Wlicn overlap ^ J ^ 

V pittiT, as in the tiles of a 

Lou.;. 113). 

rw ni Q imn (’ iJ>crAL [quincunx. 

Lat. uuMiiged as five in 
CcinL). Five sepals M Jt 
]) 0 iaK, .arranged in a R])i- 
^ Kil, so that two are ^ 

exterior, two interior, and 
one half exterior and half ^ 

interior {F{(/. 114). 

^1^ Alteuxatil When the inner 
^ whorl alternait's with the 

fl.vV outer 115). 

^ \\// I’LK'ATrvE. When folded or 

J plaited together (Fig. 116), 

Vexillaky (ve.ciiliimf Lat. a .standard) A 
^ coinuioii form of sesiivatioii in pa])iliona- 
ceous plants, here v is the vexilluin, a the alas, 
and c the carina {Fig. 117). 

Th(» different forms of festivation are each perma* 


Fig 112 

© 

Fiq Hi 


C 

iij. 117, 
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nent in the species in which they are found, and an 
of some importance in systematic botany. 


SECTION XX. 


INFLOliESCKNCE. 

The arrangement of llowers on the axis of growth 
is called the Jvjl or J nthotaxis (anthos, Ur. a 

flower; taxi^^ or*i<r). 

The axis» or piiniarv stem Hn}>porting a flowering 
head, is toniKMl the rachts {rochia, (xr. a backbone). 
The stalk support a llov\or is a peduncle {peSy Lat. 
a foot) ; and if this i- biuiiclied, then the small blanches 
which it gives ofl' aie pediceU. 

A flo\\(*r havin" no stalk w said to be scssih ; but if 
stalked, pedicefhxV' 

The f(jllowing are the eoniinon forms of inflo- 

I esccnee : — 

Spike. When the]>eduncles are vny short or want- 
ing alt otret her (/'e/ 118 ). Ex, Phintiigo 

A men fu in or cailcin^ a 
diCidiioos spike, heal- 
itit; uiu'^exual floweis. 

Ex, WilloNu 

Spadix, a ^rucculent spike, 
surrounded by a 
slieathing bract or 
spathe {Fiy, 118). Ex, 

Aram. 

StToh'dus (Gr. a lir cone), 
a dense spike of fe- 
male flowers, covered 
with membranaceous 
scales. Ex Hop. 


I 
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Cone^ a dense spike of female flowers 
covered with woody scales [Fig. 119 ). 
Ex. Fir. 

Lomsta^ a 8])ikelet or flower- cluster of 
grasses. 

Kaceme {racemuSf Lat. a ^ 
gO bunch) differs from a a[ 

U 8])ike, in the flowers ^ yP 

cv^ V supported upon 

X \ /yT pedicels of equal length Ct / 

oM ypo A’^r-Eibes. ^ 

^ f (p Panicle (j)anicula^ Lat. \ ^ q 

9 > \jr down of reeds) is a com- Oi /C 

^ y pound raceme, or a ra- ^ 

\ ^ cenie witli ))ranched pedi- f 

\ cels (Fiff. 121). Fx. Poa. ^ | 

Thgr^vs (fhvrsos, Gr. a 
Bacclianal’s wand) is a compact 
‘ panicle in which the pedicels are 

short and often thickened, or succulent. Some 
botanists characterize it as a panicle having the 
middle peduncles longer than those above and 
below them Ea\ Lilac and Hoi*se-chestnut. 
CoKYMB (corgmhj(by i^at. summit), a f t f m 
kind of raceims in which the pedicels 1 \ V / f J 
are gradually <*loi)gated, from the \ \ '/ I 
apex downwaids, so that all the \ ^ / / 
flowers are bi ought to the same \ / / 
level, or nearly so {Fig. 122 ). Ex, \ / 

Cerasus. / 


When these pedicels are at the same j 
time branched, it is called a compouind 
corginh. 

Cyme (Aiuma, Gr. a wave) is a panicle with the 
pedicels so developed or aiTCsted, that the flowers 
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h'ui I?L 


are brou. ht to 
neaily tht wune 
levt‘l iis ii ail 
umbel {FUji, 

124). Ex, KUUt 
T his kind of infloresoence should L(* stu- 
died rather in its development than its lorm. 

The order of exjiansion is centriJvitnL 

When the basal flowers expaml fir^t, the 
order of expansitm i.s centripetal {ceyitniin^ Lat. centre; 
peto, I seek). 

When the central, or u]>perinost flowers expand 
first, it centrifugal {centrum^ Lat, centre; I fiy). 
Uapitulum {cajmt, I^at. a head). 

When numerous flowers are 
arranged upon a nearly flat 
disk or recej)tacle {Fig, 12.5). 

Ex. Daisy. 

Gloinenihts (like a ball). When 
the capitnlum as‘'Uines a 
globular forin (Ftg. 120). 

Ex. 'Fea^el 

IJypanthoduvnt, {upo. Or. 

ant}i/}S^ a flown) When the 
receptacle folds u) (wards, so 
jiartially or entirely to inclose 
the flowers {Fig. 127). E:r. Fig 
Umhkl (ujuMfn, Lat. a sun-shade ) 
When all the flower* are supporfed 
upon jjcdicels of equal 
huigtli whicli arise from 
a common point, and 
out Iik<‘ mdii {P'ig. 128). Ex. 




rip. 125 



Fiif 12IJ 

und(‘r . 


ruf IV! 


spread 
Ivy. 

If each of the pedicels of an umbel gives 




rip. ii 


nse to a secondary und>el, the entire inflorescence is 
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ierii- d a trompound um- 
b(‘l (/'tV/. 129). Ex. Oai‘ 
rot, to. 

ost of those forms, by 
rep' lilioij upon them- 
}h‘coiii»j compound. 
'i’lui p(‘(licels are but 
blanches, and tlio various 
forms and dovelopnnmts 
of these fiower-branches 
only modihcations of the 
stem. 



SECTION XXI. 

THE CALYX. 

The flower and it.s appendages consist ordinarily oi 
four whorls of modifled leaves ; the outer two consti- 
tuting the foral envelopeny and tlie inner two the 
easentval organs. 

Tlie exterior whorl of the floral envelo])es is the 
ccdyx (Gr. a cup). It comsists of inodiflcatious of 
leaves, called sepals (sepio, Lat. 1 inclose), eitlier united 
in ])art. or altogether or entirely free. When the 
sepals are fiee, the calyx is said to be polysepalous 
(polos, Gr. many); and when united, gamosepalous 
fganu)s, Gr. union), or inonosepalous {imnos, Gr. one). 
Idiese sepals present all the characters of leaves, and 
are sometinies, in cases of monstrosity, converted into 
ordinary leaves. They may be green, as in the I’ose, 
or coloured, :u4 in the fuchsia. When green they are 
foliac<mi.s (leaf-like), and when coloured, petal - 

like). The ('xtornal envelope of the flower is always 
considered the calyx. 

In some instance® the flower ap})ear8 U> have a 
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double calyx, the outer beiu" C!.lb*d the eptcah/x 
iepiy Or. upon). JCx. Mallovi. 

In a monosepalous c.ihx, the ]»art toriued by Uie 
union of the sej^ils is termed the tuhe the ca]\\, 
and the free ])uitiou the limb 

Occasionally the cahx i'^ ijUibahtr, ( nmpanulaie (Ik'II 
shaped), (tojvvh i]»ed), o\ mjlated 

\\ lu II etrtaiii jarts ait enlarged 
and piolontjed into a kind of spur, 
I lie (‘al\\ 1 ^ sjH(rr(dy vi ((dcarak 
(Fuj 1 5(^) hx Titipieohnn 
In tnnij'O'^ite 
pi ints iln* e ih \ 

idhtient 'e 
the aid 

the liini> hi'ernne^ dt\tl(pttl ini<» 
a pajyms (J^ar thi-t It *i 
litUi'N einv'ii, ijy niean^ et wlncii tut* 
fruit when npt*, i'^ t lan^jKn I mI 
throu"Ii the an (Fdj 131) Lr 
Dandelion. 





g 132. 

When 


In llie lii^ht \tilo\\ Fschschvltzia, the 
u})]>er ])Oitn 1 ) t»l lh« tahx is nipt uicd from 
<he low 01 , and t niiid n].on the ojeinding 
c 01 ulla, lta\ ijiix a ]>» iinant nt innr t)r liini^e 
at the In a Ihi^ i uin of taUx i*' ttnnetl 
(porajiintf ((ijtfxvhnn J^at. a lid) oi calyp 
fraff (liidupfia tn <.o\( nnj^) 

\\ ) t n flit t<d\\ <aili< r(‘s to tin o\aiy, it 
1 * id t( U ad/tofftf ^vpfriai , luu 

win n iut* I'uni (1 < o\ai\, il is mm-iulh^reni^ 
or i/iffru/r. 

Idants that at#* (unnlv destitute of floral 
eiiv(do]K*s uie achlamydeom (a, Gi without; 
diUnuyb^ a tunic) Eju, Willow's, 
but one flornl onvolope ia present, they 
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are mxmocJdamydeofas (memos, Gr. one), Meze* 

re^uin. 

When both floral envelopes are preseat, dicldamy- 
ikoas (dis, Gr. twice). Ex, Geranhmi. 


SECTION xxii. 
r JT K (• O 1? 0 L LA. 

The i]\n(*i vlioil <»f floral en\e]o]>€’s is termed the 
corolla a littlo eronn), and consist‘d of more or 

less ooloiiivd leaiON and is <;en< rally the showy portion 
of t lie flouer. Tlie corolliiio lea\es aje termed petals 
(pctido/i, ill'. ji loai). and aie generally ]daced alter- 
nulely Mdth the ^-paLs of the c.dv'j 

When the ]Kt*ils an* nioie or loss lunti d they form 
a 7Honopctahim corolla ; and when distinct, a polypetalom 
corolla. iVtals an* l(*ss l(*af like tlian sepals. 

In endo^iii^, tlie calyx and corolla are oiteu similar 
in size, shajie, and <*oloiir , hence the entire floral 
envelope is, in such instances, usually termed a peri^ 
cufth (peri, Gr. around ; antltoi, a flower) Ex, Tulip. 

Petals wvo souK’times s<*ssih‘ , at others the 
base is prolont^ed into an unguis or claw, 
when the jiotal is said to be uugincnlate, and 
the up]>er or free portion is called the lamina 
oTlimh (Fig. 133). E.e. Pink. 

Tlie marijjins of pet.ils, like those of true 
leaves, are either entire or toothed, ^^'hen 
the teeth form a fringe lound tlie m.ir^in, 
he petal becomes Jinihrlated (Jhnhna. Lat. a fringe). 
Ex. Pink. 

Or a ])etal may be concave or hollowed like a boat, 
r^d is navicida/r (navis, Lat. a sliip). 

In other instances, one or more of the ])etal8 ar# 




64 


A MANUAL OF 


prolonged into a spur, and are called calcwraU {calrar^ 
Lat. a S[mr). JEx. Columbine. 

The forms of ])otals are described generally by the 
same terms as simj)le leaves. 

When all the j^etals in a llower arc equal in size and 
8ha})e, such a flower is said to be regular, and when 
otherwise, irregulur. 

We have, therefore, — 

Regular monopetal corolla. Kac. llluebell. 
Irregular nionopetalous corolla. Ejc. Calceolaria. 
Regular po\i/petalous corolla. Ex. Ihittereup. 
Irregular pohjpetalo us corolla. Ex IVa. 

Ot the regular monopt talons corolla t hei e are varieties 
of form, some of tlie moie ^(uu'ral of which liave re- 
ceived distinct names; as — 

Cajipvmjl \Tr, or Ixdl- 
^}lap<*(i {('anijutuu'tt^ Lat. 

<i little bell) {lig. 

Ex. Cautpanula. 

iNl’l NDIDL nirOKM. OT 
I’linnel-. }iaj»ed [injuudi^ 
bulmn, Lat, a In mud). 

In this variety tlu* co- 
F\g 134. rolla ussnmes tlu‘ sliapo 

of an inverted coio* {Eig. 13/)). Ex. Con 

vols ulus 

1 1 YPUORATEHIFO KM, Or salvCl* 
shaped [k rater, (»r. a cu]>), 
wlien the coridla consists of 
a straight tube .surmounted 
]>y tiat and s)»i (siding lirnhs 
{Eig 136). Ex Primrose. 

d'uui'LVR. wlien it consists 
of a long cyiiTidncal tube, ns 
in the central florets <>i a 
130 daisv (Eig 137) 
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Rotate, or wheel-shaped (rota, Lat. 
ft wheel), when the tube is very short 
and tlie limbs are spreading 138). Cy^ 

Ex. Forget-me-not. 

UiiCEOLATE, or uni-shaped / 

m ' I'i « little pitcl)er), las. 

when the tube narrows at 
botli ends and ex])ands in the middle, as in 
^ some kinds of hoath (PJrica) (Fig. 130). 

Irregular monopetal ov'i corollas. 

Labiate, or lip])ed (lahivrn, Lat. a lip), when the 
limb has two divisions opposed to each 
other, with a faiicK'd reseinhlaiice to 
liy>s. Fx. Ground ivy. 

Ktn(?ent ('}*iagor, Lit. to grin), when 
the lips are widely separated, and 
tlie u])per is much arelied (Fig. 140). X\( 

Ex. Dead-nettle. 

Personate, or masked (persona, j^o 

Lat. a mask), wlien tlie lips are closed, 
so that there is imly a 
chink between them ' 

(Fig. 141). Snap- 

Calceolate (calceo- / 

lus, Lat. a slipper), 
wlien the lips are hoi- ^\< 7 . i4i. 

lowed out into a slipper-like form 
(Fig. 142). Ex. Calceolaria. 

Ligulate (ligiday ^ \ 

^ ^ litth^ tongue), h . M 

when, as in the llorets it I AM 
of many of tlie com- 
posite plants, the tube 
\j (‘uds in a strap-shaped 
JV. 145. process on one side (Fig. 143). Ex, 
Dandelion. P 
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Befftjiar polypetaloju^ corollas* 

UosAi’Koi's, as in the rose 

ti'iUc, there are five sjueiidinic ]>etal8 
without c lawn 114). Ex. Mraw 
berry. 

CAiiYoruvi.i A< Loi s. ^\llen, as in 
tlie I link iiiht‘ {caryophyllaceie) 
there au* livt* ]u*( ds with loiiijj iiar 
row c‘la\\.s, and ra*l\\eeii them 

Ex. itch wot t 

Cuit’irouM (crux. Lat. a cross), 
wdieii, . 1 ^ in i-uis-'W m-ts (cr(frlfvrct\ 
tliere aie foui ]i( tals arr.inirrd in the 
onn ot a iros-(/V//. i Id). Ex. W.ill- 
fl()W(T. 

Irnguldv jtfiJypiiffhnus corolla. 

pAPii.iovAoi ni N [papilio, Lat. 
a hutt(‘rll\), ^vlnn llien‘ are live 
petals arr.ini;(‘d as mtlie pea tube; 
one Mijierioi*, called the r«JM7- 
Inm m- staiidaul {Fig. 146, v) ; 
f A'o lateiMl, called alw orwin^ 
{Fig I e) : two inlerioi, 
olteii ]>ailiili\ imit(‘d and 
L -ii ealh d the i<tritia or ketd 
{Fig. 1 t(I, c). Ex. Krooui. 
What IS oidinarily termed 
^ the da^l' is an eiilar^tnaent 

p, , j ol the reecpTaeie, either as a 

cup, flat di^k, or eusliiou 

neatli or around the base of the ov.iry, and somctiruic^ 
between the stamens ami petals, or with one or both 
of these organs inserted upon it. When the disk is 
iobed or divided, the parts aro otteji denominated 
glands; they should rather be considered abortive 
seamens. 
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Kectaiuks. — Thisterm is confined to certain cavities, 
floinetimes found at tlie l)ase of petals, wLicli secrete 
honey. Formerly the term was vaguely aj)plied to 
other parts of the flower, bnt, except with tlio above 
limitation, may now be considered as olrsolote. Ex, 
Ranunculus. 


SECTION XXIII. 

STAMKNS. 

The two inner whorU of tlu* fiov. er, calk'd ihnessen- 
ii(d organs consist of stamens and ])istil. 

In some instances the stamens are [)rebL.nb in one 
flower and the pislil in another. Such plants are said 
to be didhious (dl6\ Gr. twiee ,* kiind, hod). 

When hotli staminiferous and ])iatilliferons flowers 
an; fouml on tlie same plant, it is said to hi* inotuxciovs 
{moms, Qr. one; ciJcion, habitation). Ex. Hazel. 

WJieii the male and female flowers are found on 
dilleront plants, the term dlwcious (dls, Or. twice) is 
applied. Ex. Jlenip. 

Tin* stamens, or male nr^ans, .are rcprooenttal, for 
brevity in writiiuj;, by the li)lli.\\in<( si<^n 

The pistil, or iemale oi trail by the sign J . 

The name hermaphrodite i< aj)]>lied to flowers in 
wliicli both the.se organs are present, .and tlie sign J 
a combination of the two, is emplo\ed. ■* 

As the ]>etals ot the coiulLi aie 
geiK'rally alternate with the ^ppaO of 
the calyx, so the stamens an* nsiudly 
alternate with the jietaLs, ami eonse- 
qmmtly opjiosite to the sepals. 

When the stamens are so placed 
as to spring apparently from beneath 
the jiistil {Fig. 147), they are hy])o- 



7V;. 117. 
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gi^Tuyus {upo, Gr. 
cup. 


uu lor ; gune, female) Ex, Butter* 



When the staniens are inserted 
upon \ho calyx, and Urns stand 
around Uje pistil, they are said to 
bo (peri, Gr. around) 

(Fig. 148). Fx. Poach. 

Wlu'u tho lilainonts are united 
to th(' petals, so as ap}>arently to 
sju'in^ from tlnun, they are de- 
scribed as epipctaious 
(upon the j total-,) (Fig. 

149). Kx. Honeysuckle. 

And \\1 h‘u the sta- 
mens are nisorterl ujxui 
th(‘ oval \ . they an‘ epigg- 
iious (fpi. Gr. u])oii) 

(Fig. loO). Fx. ITn-bel- 
iiferc-. 

In certain instances the 
filaments are closely united with tlu* pistil into one 
column, and arc ggnundrmifi {gtt'n*\ Gr. ternale j aner^ 
qen. a/i'/roft, a male). Ft. t>rc}jis. 

When tht3 nunihcr of stamens is leas than twenty, 
they are said to he dfji/ilte ; when more than twenty, 
hidrjinite ( ^ ). 

M'ami.ns con-'isit of a stalk or sup])ort c.illed ilu^Jila^ 
vieyU (JUun*, JL*al a thread) , a head, ov anther (anth< ros, 
Gr holon;;ing to a tlower), 
au(i a ])owdery mass which 
the anthers contain, called 
poUeti (fine flour) (Fig. 1/>1). 
Wiien the anther i.s absent, 
I / 1 the stamen is abortive, 

i o The Jdairvent is usually 

7 ?,^ 151 . thread-like, but sometiniea 



F\n 1 tti 
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becomes petaloid (j)etal-like). In the common ’water- 
lily, all stages of transition, from the simple filament 
to the fully-developed petal, may be traced. In the 
Fuchsia, Tulip, and other cultivated jdants, the same 
transition may be often obsciwed. 

The filaments, ))etiils, and sepals, are regarded as 
metamorphosed leaves, and are sometim(iS characterized 
as staminate, coroUine^ and cahjcine leaves. 

The length of the filairn^nt varies in different 
plants, its function being to support the anther in 
such position that its contents may be shed upon the 
stigma. 

When, of four stamens, two have the filaments long 
and two short, they are said to be didyiiamous {dis, 
Gr. twice ; dtuianhi% superiority.) 

When, of six stamens, two ai(‘ longer than the four 
otlu'rs, iciradij'iiamom (tclra^ Gr. ft)ur). 

Filaments are sometimes beardtul, stupose {stupa, 
Lat. tow), with delicate hairs. Ex, Mullein. 

M'heii all the filaments are united, so as to form 
a tube inclosing the pistil, they aie monadelphous 
{monos, Gr. one ; adelphos, brother). Ex. Mallow. 

When united in two bundles, bother of equal or 
unequal number, they are dladelphous (c/fv, Gr. twice). 
Ex. Pea. 

AVheii the filaments are united into three or more 
bundles, pol yddplwas {polus, Gr. many). Ex. St. 
John’s wort. 

The Anther generally consists of two lobes uniteo 
by a connective. 

When the anthers a]>pear to be united through 
their whole length to the filament on either side of 
it, so that the iilainent a]>pears to pass between them, 
they are adnate {Fig. 151, c). 

When the iilainent terminates at the base of the 
anthers, they are innate {Fig. 151, h). 



70 


K SfANRAL OF 


WJkm) the filament is attached in the middle of the 
antbeiN, st> that ilicv are movable, as in many grasses, 
it is vcrsatUp {verto, Li\t. [ turn) {Fig. 151, a). 

AntKns an* coiumoiily t)val in sliape ; but are some- 
tinu's s5])]terical, lin< jir, curved, or floxuose. 

Tiie jH)llen is shed either by means of valves or 
po es. JJjc. Ijily and Heath. 

The anlheis are called introrse (intrormm, Lat. 
ia^vardly). wlieii they o])eu ou the surfact* tiirned to- 
wards the ceijtre ; eatrorse (outwardly), when they 
open on the o it(‘r suiraee 

The aiilhei-lobe is u)u7itC9ilar or hi/octilar^ as it con- 
tains one or t o e(‘lls. 


E\en win 11 the tilamems are unit(‘d, tlie anthei’S 
olten remain separate and distinct; but in certain caw^»H 
the‘,ni)j(is ait* t]n*ni''e)\ e.s united together, and arc 
tluiiti lined '^•ftigpnpsloitft {miiy <lr. togetlier ; genesis. 
ori'im). Fo'. { )*»ndeIioii. 

PoivLi N t ( s of a nuiiilMU’ of v(“-ieles or eases called 
grams i out nning a jKculiar semi-flnid called JovUla. 

die s])j]j,. (»f these grams is very variable, but tbe 
sjiheiic.il ami pidygonal are the most common forms. 

The surface is sometimes 

.sm‘K)t(i, and at otln rs studded 
witli points or proTnmences {Figs. 
15ll at ii:}). 

Jhdlen grains 
occaMonally ad- 
here in masses, 
or are contained 
in bags, 

Altliough yel- I 
low or brown ls the ordinary colour i 
of pollen grains, they are sonu'tiiues 
of oth(U' shades. 

dlieir fniiction is the imi^regnation of the ovules. 




'tu o' ' : 
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Tho number of pollen grains produced is verj great 
Jt has been said tljat a single plant of Wiaiaria 8tne7isu 
])roduced 6,750,000 ^taiiu'ns, and these, it perfect, 
would have contained 27,000,000,000 ])ollen grains. 

In some cases the stamens approach the pistil in 
succession, and shed the pollen upon the stigma. In 
other cases, when tlie anthers are rij>e, the elastic 
iilaments are li!>eratod from the corolla, and spring 
towards the })istil with a jerk, and scatter the pollen. 
Bees and otlier insects also assist in scattering the 
pollen from tlie antlicis u])nii the stii^ma. 

The KosehdN wdllow-lau h, /Jpilohium angmUfoliwm, 
has a f »nr-I<»hed stigma, sU]>ported 
^ on a style rather longer than the 
oi the stamens. When 
open'-, the lobes are 

V x closth ap})lie(l together by their 

( I face'>. ami hotli style and stamens 

are | )en< lulous ( h \<j 154;. 

As the an- 

' _ thei s appioai li M 

matuiity, the ^ 

styh‘ becomes ere<‘f, and the s<a- 

mens coniuien*v elevating them- ) 

selves (Fi(/. 155^ ^ 

By the 

tune that ^ I ' ^ / 

anthers 

\ are fully III a- ^ 

( lobes of the 

V J stigma have divided and curled 

outwards and downwards in a 

^ circnuiie manner, so that tliey 

\ may be reached by the anthers, 

fttf. 16 «. filaments then becoming 


M: 
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*»iect, and tlie polJoii is discharged 
upon the lobes of the stigma 
156) 

Altei disciiaigiug the contenrs 
ot tlu a anthcis, the stamens droop 
and become pendulous again, 
Nvhilst the ht)le lemains erect 
157). 


tiff lt>7 


bLCllON XXIV. 

Till PlM’Ii.. 

Tlie centre of a coinjih tt tio\\or is occupied by the 
pittil (pistilhwi, L.it a pi^stli). It (onstituUs the 
innei 'whoil ami is tlu Icniale oi^^in of the ))lant 
Wien matin e it is coiueittd into tiuit, and contains 
tlie seeds 

It IS coni]>osed ot nioditiid h ivts called tmpth 
(karpos, Gi U mi), in (arpi^ltin/ Imves When 

It eouMsts ot but <»m taijul, il is simph , 
and '^^hc^ ot more than one unn«*d, it is coni 
pound {I ig lo^). 

1 he ]nstil includes tin. ovarg, 'ityh, and 
, ,, stnqmd lii#* stuh is nom ^s. -iCial, and is 

houietiims insent) 

in 11 tile c 11 p( Is < t a 
pi til leiniin dHtinct, the 
inim upoLarpoUi> {apo (b 
s( palate I arpus, liuit) is 
ipplnd {Fig 15 b) Xb. 

Raiiuii< ulus 

When the caijicls ue 
169 united a aynca/rpoua (burt^ 
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Gr. together) ovary is lormed (Fig. 160). 
Ex. Pear. 

Some times the ovary is jiedicellatey or 
borne on a stalk or gynophore, (gyrt^^ 
Gr. pistil ; plioreo^ I bear). Ex. Eii- 
])lK>rbia. 

Sometimes tlie axis is borne beyond 
the ovaries to T\diic]i tlie st 3 dos are united. 
This (*xt elision of the thalamus is called 
a carpophore. Ex. Geranium. 

Along the united edges of the carpels, 
a tliickening takes place, and a proj(‘C* 
tion or process, called a placenta, is 
formed, to wliich the ovules are at- 



tached. 

When ihe carpels fold inwards, so that 
the placcntne procc'cd to the centre and ( / 

unite, tluy form a central <u' axile ]>la- 
centa bearing the ovules, which are then 
turned outwards {/V^. 101). Ev. Iris. <?. lei. 

When the car[>cls arc folded inw'ards, ^ ^ 
so that th(‘ jdaceiitai are only projections 
from tht* walls of the o\aiT, tliese are ' \ 

c,illcd parietal {paries, Lat. a wall) pla- J 

. cent OB (Eig 1G-), Ex. Ponpy. 

The united edges of the carpels, wdieii jvy.m. 
they ]»roceed to the centre, divide the 
o\ary into cells, and each di\ision ns then called a 
septum (fence or inclosure), or a dissepiitient (disaepio, 
liat. i sepai-ate). 

When the dissepiments formed by the inwardly- 
folded carjtels are (»iditcratcd, the ovules are borne on 
a column standing frc’c in the centre of the ovary, and 
called a free cential placenta, as in Pink and Primrosa 

When ihe ovary is divided into cells by means of 
tlio dissejnments, it is described as bilocular, trilocular, 
or multiloculaTf according to the number of its cells. 
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If undivided, and consequently but one-colled, it is 
said to be u)idonda/r. 

A cell or an ovary may contain one or raor<i ovules. 
If tlio ovary contains but one ovule, it is mutiospemwua; 
if it contains many ovules, it is polpupermouff. 

Ill the fruit of cruciferous plants, the place7U€D pro- 
long and form a j^artition, called a replant {hiit. leaf of 
a door), through tlie entire lengtli of the fruit. 

The ovary may be /ree, or unattaclnsl to tlie calyx, 
or any other portion of the flower, when it becomes 
mperior. Ex. Lily. 

When the calyx is united to the ovary, the calyx 
bc‘comes sujierior and the ovary InJerU/r, Ex, Goose- 
berry. 

^ The '^YYLF. {stj/l as, Lat. a pillar) is a prolon- 
gation of (he «’arp('k npw.mls, and is the 

IJ Mippoil of The .s/Zyma {Ei(j. 1G3). Sometimes 

\\ til'* stignn ^(“''ih* ii])ou the ovary, and the 
/I j >tsle ;ib'-<‘i)T 

^ When th(* stGt }>r(;''eeds from ih(' summit 
of tli( oval v, it js apical {apex, Lat. lo])) ; 
when from tin* ^ide, it lateral ; and wlimj trom the 
1 ) 11 ^ 0 . it is basilar. 

The style i- comnionl\ et/H/i'iriail and simph* It 
IS sometimes antjnJar or petaloid. It m.iy be cleft ir 
hi/urcate. 

After ferlilization, if the style falls away, it is 
dcridauus ; but it it lemains. it is persistent. 

The *Stigma (Lat. a mark) consists of loose cellula 
tissue, and .secrete.s a vim id substance uj>ou its surface 
which causes the pollen grams to adhere wlien she. 
upou it from the antherh. 

The stigma is sometime.s borne ujioii the summit c 
the style, sometimes laterally, and sometimes is sessile 
upon the ovary. 

The divisions of the stigma generally correspond to 
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the number of carpels in the ovary. When theae 
divisions are large, they are termed lobes. Hence we 
may have a hilohate or trilohcde stigma. 

Occasionally stigmas assume very extraordinary and 
jKM iiliar forms. In Ha/rracerda they are surmounted 
})y an und)r(‘lla-.'>lia]>e(i ap}>endage ; in the popjjy they 
are rags diverging upoTi a iiaf sessile shield. In some 
instances they are glohuLn, in others hemispherical, 
or ovoid. They may be naked and smooth, or 
feathery. 

The* proper limitation of stigma should be to that 
portion of tlie justil which receives tlie ]K)llen grains. 
In Ins this is a cleft at the hack of the style ; in 
Sarracenia it is placed h^ujoath the umbrella-like 
covei'iiig ; and in many orchids it is of a hollow cup- 
lik(* form. 

Ti*o axis, or growing-point, sometimes extends 
betwecui and even beyond tlie carpels, in the form of 
i beak, as in geraniums ; < r it becomes enlarged and 
lleshy, as in t lie .strawberry ; or conical, as in the 
raspberry. Wiiiche\er firm it assumes, or if reduced 
to a mere thread, it .>tiil (.onstitutos what is termed 
the torus (Lat. a couch), tItoJmmcs (Lat. a bed), or re- 
ceptacle {recipio, hat, I recei\e). 

Instances ocwisionaliy occur in which the thalamus 
grows beyond the ll‘»\ver .u d produces leaves. Eae, 
Hose. 


SKCTiON XXV. 

TITK OVLTLE, OR SEED-DUD. 

The small bodies attached to the placetUoi in the 
ovary are the ovules^ deslineJ, after fertilization, to 
become the sticds. 

Certain leaves, under favourable circumstances, de- 
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velop buds tfom their margins. The carpellary leaves 
bearing the ovules on their margins are of the same 
character, ovules being the buds produced by car])ellaiy 
leaves. 

Dr. Lindley has seen the ovules of the Columbine, 
and Professor Henslow the ovules of Mignionette, 
converted into true Icavea 


Usually the ovules are contained in an ovary ; but 
in coniferous and oycadaceous plants the ovules are 
naked in the axils, or on the margins of metamor- 
phosed leaves. 

When attached immediately to the placentae, the 
ovules are sessile; but when stalked, the })rolongation 
by which they are attaclied is called a funiculus (a 
cord), or podosiyerm (seed-foot) : the point of union 
of the funiculus with the ovule is termed the hilum 
(Lat. scar of a bean), or huse. 

Tlie ovule consists oi a 'nucleus and its 

f 



coverings. 

The inleginnonts, or co\ering.s of the 
nucleus, luue a small ap< rture, which is 
termed the forauicn {Fig. or mi- 

cropyle {uucros^ Ur. litilt' ; 2>ylon. gate). 

The ])oint of union ladveen the base 
of the nucleus and the integuments is 
the chedaza. 


i\g. iw. apex of the nucleus is turned to- 

wards this opening. 

When the foramen is near the base of the ovule, 
the nucleus is inverted ; but a eonnectioii is kept u]) 
between the base of the nucleus and the base of th<* 


ovule by a j)rocess termed a raphe (Fig. IGl, r). 

There is a swelling at tlie base of tlie nucleus where 
the raplie is attached, wdiicli is tlie chahiza {Fig. 104, c), 
still at the base of the nucleus, but liy inversion 
carried to the apex of the ovule. 
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In the matured ovule, or seed, the radicle is next 
the foramen, 

I'lie positions of the ovule in the w ^ 

ovary give rise to various terms. 

If When attached at the base of 

(I I) t>v«'iry, it is erect {Vig. 165); if It Ml 

ll ml attached to the side, a little above ll Ml 
\mMI the base, and with tlie ovule point- 
]05 upwards, it is ascendwg (Fig. 

If it is suspended from the top of the 

j ovary, it is inverted^ or })endulous * 

(i-V.167). ^ 

m Ml And it Irom the wall near the 
(I 1) summit, it i'N, in that case, sue- I 1] 
pem/ed (Fig. 168). 1^11/ 

^ The curvatures of tlie ovule 

' ' arc also of imjiortance. _ ' 

m< 7 . 107. orthotropal (orthos, Gr. 

straight ; tropos, mode) when erect 

Q) (^Vic9). 

Caviptotropid (kamptos, Gr. curved), I / 
n wlien curved downwards towards the ^ 

170. , . / ET- 1 r-n 100 

jdacenta 1/0 

Anatropal (auatrepo^ Gr. I subvert), when ^ 

Q iiot only curved downwards but also ( ) 

grown to the lower half (Fig. 171). J 

€ampylotro 2 }al (kaiiipulos, Gr. curv- 
172 when attached at the middle 

(Fig. 172). 

a Lycotropal (lucos, Gr. a hollow ^ ^ 

disk), when horseshoe-shaped (Fig. [ 

173). ^ ^ 

F%g.ny Semianatropal (se}ni, Lat. half), jrig.m. 
when hall free (Fig. 174). 

In Cryptogamic plants, there being no ovules, the 


3t 

1 ’ 0 
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ftiiictions of these bodies are performed by other 
minute analogues, calk'd s'pores. 

When the j)rocess of fertilization takes place, the 
mature pollen is discliar^od I'roin the anthers upon 
the stigma, to which it i'^ attached by means of the 
viscid secretion already alliuled to. Whilst in this 
position, the pollen grains develop small tubular 
])rocesses, which pass tl’.rough tJie loose cellular 
structure of the stigma, down the style to the 
ovary. These tubes tiieti penetrate the ovules, and 
discharge into them the eontuits of the ]>ollen grains, 
and thus a union is elFiM't-d Ix'twecu the fovilla, or 
fertilizing i>riiu'ij)le of the ])oilen, and the semi-llnid 
contents of the ovule. Alicr this prt^cess, the style 
commonly falls away, and the ovary ripens into fruit, 
inclosing fertile seeds. 


SECTION XlVh 
Tin: FifUIT. 

The mature ovary o<»iisMutes th^' fnru. and the 
matured ovules the seed^ <»f plums. 

In the popular acceptation of the term fruU, other 
paHs of the flower are aI.>o sometimes included ; as 
the pulj)y disk, or receptacle, in tlie strawberry, the 
tmited calyx and ovary in the af)ple arnl gooseberry, 
and tlie bracts and calyx united into a cujuila, or cup 
containing the acorn. 

Important changes sometimes occur in the j^rocess 
of transformation of ovary into fruit. I'he ovary may 
be unilocula/r^ and afterwards develojr into a multilo- 
cuXa/r fruit, or the ovary may be muUiloeidwf and tlie 
fruit uniU)Cijdar, In tlie ash, a two-celled ovary is re 
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placed by a one-cell ed fruit. In Cassia fistula, a one- 
cclled ovary becomes a iimltilocular fruit. 

Tlie placeiitse may also undergo a jmlpy develop- 
ment, inclosing tlie seeds, as in the grape. 

The enveh'pe of Ihe seeds is called the perica/tp 
ippri, Ch-. around ; karpos, fmit), and ordinarily con- 
sists of thi eo layers 

The ejyicarp {rjtl, Gr. outside) is the external layer. 

The mesocarp {imsos, Gr. middle), the intermediate, 
and — 

The tndocarp [mdcyti^ Gr. within), the internal layer. 

Sometimes tiio three are blended, as in the nut ; at 
others sepnahh', as in the peach. In tlio latter 
instance the «khi is the epirarp, the pulp i\\Gmesoca/rp, 
and the hard shelly covering of the seed, or kernel, 
the eudocarp. 

Tin* inner finion of (lie carpellary leavers is called 
the VPiUred {vpufer, Lat the bellj^) suture (sntura, Lat. 
a Ho.nn); the outer, corresponding to the rib of the leafj 
the dorsal {dors^nn, I .it. the back) snf'are* 

Tin* sutuM's may bo so firmly united as not to give 
way (Uj (he ripei'ing ot the fruit : it is then said to be 
iudp/iisppiit : ^\hen (lie sutures o])cn to allow the seeds 
to (*.Neaj»e, the fuiit is termed dphiscent {dehisco, Lat. I 
open). l>s dehisccnci' the ])ericarp becomes divided 
into parts c.dled valirs. 

Ind(*hisc(‘iii fruits m.iy bf' dry, as in the filbert, or 
fleshy, as the a])j)le. 

JDehiseeiit fruits may separate by one suture or 
both, and they may carry the placenta with them, or 
leave it Kt.in<hng in the centre. In the latter case it 
is called a colunipLla. 

TIic separation may proceed from the base to the 
apex, or from the a}>ex to the base. Transverse, or 
operculate divisions, sometimes occur. 

Dehiscence may also take place by means of orifices 
or pores, as in the poppy. 
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Fl uits com})os(H! of a single c.irpel may dehisce by 
one suture only, or by both tog(‘thor ; this kind of 
dehiscence is called sutuntJ. Ex. Pea- 


yo 


Fruit composed of several united cai- 
])els may dehisce through the dissepi- 
ments, so that it is again resolved into ita 
origii'jil earpeK. This mode of dehiscence 
is septxcida^ {srptuni. Lat. inclosure; civ^lo, 
I cut) (Eig. 17;>). Ex. Foxglove. 

If tlie caipels remain uiiite<l at their 
edge^ and d< hisce through the back ot the 
locuLimenis, eacli valve being lormed by 
the halvt's of contiguous celK. it is JocnII- 
riJtil Lat. (a 11) (/’/^. l7tJ). Ex. 

Yellow lijs 

If tlie fruit ojHMi'' by tlu‘ dorsal sufuie 



and tlu' septa rem.titi aiLicln'd to the 
centre, it (‘ailed dehiscenct 

and Jranyo, I^at. 1 bivak) {Fig. 

177 ) 

Fruits Ilia} aLo be the result of one 
tlouer. as in ordinai'v instances ; or ol 


se\er<il uniUsl, as in the Pin<*-aj)p]e 
When the bracts ami lioral en\ (dopes are unittHi in 
the fruit, it is terimsj nntJioau'pinui {atUlios^ (Ir. llowcr ; 
karpoa, fruit). 

Fruits formed out of one or more liee carjiels 
are said to b(j apocarpuiuH {aim, Ur. B(‘])aiate). Ex. 
Bean. 


Wiien several carj/tds are united, tliey con.sti- 
tute a sifncarjivus (s‘?m, (Jr. together) fruit. Ex, 
Orange. 

Indehiscent fruits may be clas.sed in two divisions^ 
containing one or iruyre seeds respectively. 

Indehiscent fruits containing (me seed may be again 
subdivided into dry and flesJry 
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Dry indehiscent fruits with oue seed are : — 
A.CIIENIUM (a-chaino^ Gr. 1 oj)eii not). ^ 

With a pericar]) se])arable from the 
seed {Fig^ 178). Ex, Sunflower. 

CARYOPbis (karua, Gr. a nut ; ojysis^ a])- 
pearance). With a pericarp insepaia- 
ble from the seed. Ex, Wheat. 17 ^ 

Utricle {uter^ Lat. a bladder) With an 
inflated pericarp. Ex, Chonopodium. 

Glans (Lat. an acorn). With a 

hardened pericarp, accompanied mWk 

by bracts at ^ 

V inclosed in an 
involucre 

nut. r,; 17, 

Samara (Lat. 

^ seed of an elm). With a 

winged peticarp {Fig 180). 
Ex Svcamore, sometimes included under Ginns 
Pul})y indehiscent fiuits with one seed : — 

Drupe {dm pa*, Lat. un- ^ 

ripe olives) With ^ j ;^\ L 

succulent, or fibrous I 
mesocarp, and hard 
endocarp {Fig, 181). 

Cherry. 

f Etitrio {Hai- 

ro^, Gi . a companion). Several small 
diupes aggregated together {Ftg 182) 
Ex, Raspberry. 

f’ulp^^ indehiscent fruits with more 
than one seed are : — 

Berry {laecay A succulent fruit, in 
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whicli Jie seeds are immersed in a pulpy 
mass {Figs. 183, 184). J:x 

Pcpo (j)epon^ Gr. a y>tinip- 
iKi kin). With three or more 

parietal ))lac('iit re healing 
Meeds, often with a central ca- _ 
vity. Melon. 

Ilesppridlnni (gohhm fruit of ITcsyierides) is a 
name given to the fruit of the orange tribe, 
111 \vlii(’h the epicarp and nieMocarp form a 
se})aral)le rind. 

N.P — The Pepoand llesjieiidium arc inoditications 
of the X> ny. 

PoMK (pojinim, J>at. an 
\ M aj)])le). Tlie c.dyx, with the 

\ fpiearjiand nu'Mocarp, form 

/ ' ^1\'' \ lleshy jna-M, and tlie en- 

/ \ or horny, 

/ f ) forming se]){iv.ito c(*lls inclos- 

I I ing the seeds (/^V/. 185). 

V/^ '‘\ ) Ex. Api)le. 

nX^ Jl / In the annexed engrav- 

ing, c i'epre*'ents tlie remains 
of the stamens, and free 
limbs of tlie calyx j T, the 
calyx tube, become srucculent and adlien nt to E, the 
epicarp; M indicates the mesocar]* ; n the endocarp, 
and s the seeds. 
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Dehiscent fruits are all dry. 

Those which are apocarjious are ; — 

Follicle {folliculm, Lat. n little bag). A 
c urpel having no dorsal suture, and dehiscing 
1 y the ventral suture {Fig. 186). 

Leoume {Ugtimen^ Lat. jiulse). A carpel 
having dorsal and ventral sutuies, and dehisc- 
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ing by both or either {Fig 

Those which aie e^^iicar- 
pons are . — c: 

f Capsule p?7. 

(caq)mla, Lat a little 
clicst) dry fiuit open- 
ing b\ v.ilvea or poies. 

Vah ul ir capHile Ex , 

Poiou^ capsule {Fiys, 

188, ItSO) Ex, Poppy. - 

Sometimes tlie capsule 
dehisces by a lul, m ^ 

winch case it is tailed w 
a Pyxidlum (a little b >a) (/ la 100). 

Ex Henbane. 

iSiUqua {fitliqua^ Lit. a husk or ^ 
j)ud). A \aii(ty oi ca[)sule 
ojKMiiiig by t\M) ^al\es, do- 
I t.i» lied tiom below upy aids, leavih^ the seeds 

I ) att idled to both sides of a rejdum (i ig. 191). 

I Ex. Wtillflower. 

Sihcle {siJicula, diinin. of siliqua)^ a pouch 
or short ])Ocl. Ea Candy-tuft. 

Anthocaqious tiuits : — 

SoEOSis {f»07 o't, Gr a cluster), — \ 

A succulent an thocaipous f \ 

fruit. Ex. Pine-apple. I 0,3 ] 

Syc’ONUs {siuon, Gr. a hg). \ ^ ) 

A imljiy hollowed axis, \ / 

inclosing the achenia of \ y/ 

numerous flowers {Fig, \ / 

192). Ex. Fig. I / 

SiROBiLUS {btrohilm^ Gr. / / 
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covered with scales or bi’&cts^ with 
seeds at their base {Fig, 193), 

Fir COHO. Hop. 


SECTION XXVIL 
SEED. 

The seed is the matured ovule. 
When tlie seeds are inclosed in a 
i‘) 3 . seed-vessel, as in most flowering 
plants, such plants are termed anr 
gioH'ppr'nLOiis {agcjcion, Gr. a ves.sel ; spervui, a se(‘d). 

In conifei s the see<ls are naked, or not provided with 
a seed-vo'^sel ; hence such jdants are termed gyimxo- 
spermous {giLinnos, Gr. naked). 

In mignonette the seed-vessels open very early and 
expose the seeds. 

The M‘cd has also its own coverings, independent of 
the pericarp. 

The general covering of the seed is called the 
speTniodefm\ {derma^ Gr. covering). It consists of an 
external membrane, the testa (shell) ov 
an internal Ihnirg or teynten, tlie evdopleAtra {endon^ 
Gr. within ; plevra, .‘"ide). 

The episperm or icbta is cellular, and is often 
coloured. In the Circassian bean and crab s-eye bean 
they are of a bright red, and in cotton they are 
covered with hairs. 

The endopleura is cellular also. It i.s generally thin 
•ind ti anspai ent, and is often closely a 2 >plicd to the 
embryo. 

An additional covering to the seed is present in a 
few instances, which is derived from an expansion of 
the placenta, after the fertilization of the ovule. This 
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constitutes the m(xce of the nutmegs and is termed the 
wriUua, 

The attachment of the seeds, as of the ovule, is 
called a funiculus (Lat. a little cord). Occasionally it 
is of such length that the seeds are pendent from the n 
as Irom a cord. Ex, IVlaguolia. 

The scar left uj)on seeds after detaching them from 
the funiculus is the hilum (Lat. the scar of a beai-). 

The seeds sometimes contain, interposed between the 
embryo and the seed-coat, a substance called alhumm 
(Lat. white of an egg), which consists of starch, oil, 
and nitrogenous compounds. 

Seeds in which the albumen is present are called 
albuminouSy and those from which it is absent, ex- 
albuminous. 

The albumen forms the great bulk of the cocoa-nut ; 
and the hard substance of the vegetable-ivory nut, 
and the horny substance of the colfee berry are alike 
albumen. 

The Embryo {emhryon, Gr. a foetus), 
or young plant, consists of radicle {radix, 
root), or end of axis (r), plumide {plumula, 
feather), or young stem and cotyhdom 
(c), or seed-leaves {Elg. 194). 

Sometimes the embryo occupies the 
entire s(jcd, and at others only a portion. 

The seeds of some plants contain more 
than one embiyo. 

The plumule may genei’ally be seen lying between 
the cotyledons. 

The class of jdauts now associated under the name 
of Eiidogens corres{)ond to another division formerly 
adopted, called monocotyledcms {monos, Gr. one), from 
the fact of their having but one cotyledon. 

Plants having two cotyledons, and which correspond 
to Exogens, were called dicoiyledom. 
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Embryos containing more than two cotyledons are 
said to be poIycotyUdonom. 

Eiiibiyos deficient in cotyledons, as in Cuscuta^ 
which has no leaves, are acotyhilonous. 

Cotyledons are generally entire, but sometimes lobed ; 
they are either flat or folded in various ways. 

D The cotyledons may be ayndufiicate (Lat 
folded together) or folded laterally 

Ft 195 O 

rpcUnate (Lat. bent downwards), w 

folded from a])ex to base {Fig. 196). 

... Or cnnvolutp (Lat. rolled over), rolled 

up laterally {Fig. 197). 

Or circinafe (IcirkoSy Gr. a circle), 
rolled up like the young fronds of ferns 
198). ' 

Or contort n pi lent 0 (Lat. twisted 
into plaits), crumpled {Fig. 199). 

^Ylleu the cotyledons have tlieir 
F.if o)j l^ces applied to each otljer, and the 

radicle is folded on their e<lges, so as } 

to be lateral^ the cotvle<lons aie said m J 
(hBm to be accuvihetU {accuvibo I lie at 
the side) {Fig. 200). 

When the cotyledons are applied in the 

® 8ame manner, and the radicle is folded on 
their back so as rx» be dorsal, the cotyledons 
ai e iucvTnhent {inciinibo, I lie on the back) 

The two latter forms and terms are 


applicable to the seeds of cruciferous plants, in which 
the distinction becomes one of imj>ortance. 

The seed contains the germ of a new plant. Its 
function is the r(‘production of its species. When 
matured, the seeds are detacluid from the parent plant 
and dispersed in various ways. Some are expelled to 
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a considerable distance by tbe elastic bursting of tbe 
seed-vessel; others are supplied with appendages, by 
means of which they are readily wafted through the 
air ; and others fall to the ground and germinate in 
the immediate neighbourliood of their parent. 

Seeds are sometimes produced in immense numbers. 
One capsule of the poppy has been found to contain 
40,000 seeds. 


SECTION XXVI 11 
GERMINATION. 

The period during which seeds retain their vitality 
is very variable. Melon-seeds have been known to 
vegetate after forty years. Seeds capable of ger- 
minating have been stated to have been found in a 
Roman tomb fifteen or sixteen centuries old. Seeds 
have also germinated which were found in a sand-pit 
twenty-five feet deep, wliero they were supposed to 
have been deposited at least 2,000 years ago. Other 
seeds require planting soon after ripening to insure 
gennination. 

Certain conditions are essential to germination. 

Moisture is of great importance. Dry seeds will 
not vegetate. Dampness is necessary to enable the 
young j>lant to burst its hard covering. 

Temperature ' should be such as is suited to the 
character of the plant to be reared. 

Air is also essential. Seeds buried deep in the soil 
do not germinate in that condition. 

Darkness is also favourable. Seeds germinate best 
when excluded from the light. 

Important internal changes take place in seeds 
during germination. Starch is converted into dextrine, 
or sugar, by oxidation, and diastase is developed 
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During these changes considerable heat Is evolved j 
substances which were before insoluble become soluble. 
The seed is swollen, the embryo enlarges and ruptures 
the integument, ])rotrudes, and the growth of a new 
plant commences. During its (nirly stag(‘s the young 
plant is nourished by the cotyledons until the primary 
leaves are formed ; the radicle invariably jiroceeding 
downw’ards, and the plumule ujnvards ironi the coUum 
or neck, which lies intermediate between tlie two. 

The germination is exorhiznl {e.xo^ (ir. outwards ; 
rhiza, root) when the radicle is directly prolonged into 
the root. Ex. Maple. 

It is endorhtzal {en(lo7i^ Or. within) when the roots 
pierce tbrougli tlie integument at tlm <‘xtreuiily of the 
radicle. Ex. W'heat 

The ruptured integument surrounding the of 
the young root as with a sheath, is tt'rmed lh(‘ co/eo- 
rhiza. 

In acotyledons, tliere being no distinct <unbryo in 
the .spore, it germinates from any part of its surface, 
and is termed lieierorhizal {eteros, Cii*. divers<*). 

Some sce(K will g(*rminate within twtmtv-lour hour'* 
of planting. Ex. Cresa 

Seeds with a stony pericarp will Hometimes lie 
dormant in the s(nl for ujiwrards of a year. 

Some seeds wdll germinate wdiih* still attaclied to 
lie plant, and young ferns commence* tlieir (ixistence 
attached to the fronds of their parents. 

The leaves of Bryojdiyllum cahjcmum^ when placed 
upon damp soil, w'ill produce buds, wliicli deveIo]» into 
young ))lants, upon their edges. 

In other plants buds are developed in the axils of 
the leaves, which are cajvable of germination under 
iavourable circumstances. 
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SECTION XXIX. 

REPRODUCTION OF ALG^E. 

Seaweeds are furnislied with a double system of 
fructification, TIjc majority of the red series have 
this double fructilicHtion, tlio cftpsular on one jilaut, 
and the granular on another. A f,uvat modification 
of* s]uij)e exists, but fliere is a unity of principle, so 
tiiat they are at onof} alikt* and unlike. 

Dr. liindley suys, “ I am very much inclined to 
adopt the <»pinion tliat the two sorts of fructification 
observable in ali^» are the first attempts at tlie ai^ency 
which, in liii^her plants, pertonns tin* office (»f sexes, 
wiihout. ho\\t‘\er, liavini; their <|ua]itH‘s established, 
and eacli eaiiabie of pioduein^i' a m^w plant without 
Mk‘ aid of the ot her.'’ 

In tlu' capsular fruit, we nu‘et with capsules of 
ditlereiit forms, jKvonlin" to species, containing tufts 
or bundles ot spores. Tlit; capsules vary in size and 
form ; one kind is termed a ceramidhiin {kemnios, Gr. 
a little measun»), another i'* called a coccidium (kokkos, 
<b’. a iicrry ; oidos, resemblance), and others are termed 
favrUa\ 

In Fig. 202 (1) is represented a 
magnified jiortion of a fiond of Po- 
Igsiphimia hearing a oeramidium, 
and Fig. 202 (2), the ceraiiiidium 
only, still mon* magnified. 

The granuhir fruit con.si.sts of 
tctraspm'e^ {tetra^ Gr. four), or gra- 
nules, wdiioh, on being examined by 
the microscope, are found to be ^ 
compo.seil of four sjiores or seeds, 
united t-ogether. These granules 
are imbedded in the terminal por- 
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tion of tlie frond or its branclilets, or occasionally 

supported on short 
pedicels, collected in 
concrptadea or 
dm (stichos, Gr. a 
row). 

In Fig, 203 (1) 
slu^wn a of a 

frond of Po/^/b^{plioni% 
bcjirin" tetrasporc? , 
and Fig, 203 (2), a 
ttMrasporc removed 
aiid more hiddv ma^- 
luiied 

XejncUhccia (HC7na, Gr. a tlii\:id) ^ire warts, conreii]('d 
under leafy ])roce^ses and composed of tliin rnoniliform 
filaments. This is a kind of liuct iticatiou concerning 
which but little is known. 

Ajitheridia {cudhns, (Jr. a flower) ai-f^ not uncommon. 
They are little cells, in ('aeh of which is contained 
o]ie or more spertaatozohls (»pernm. Hr. set'd ; soon, 
life). 

SPElui.vrozoiDS are t hr* ad-like bodies, varied in 
form, bnt g(*tierally spiral, am I furnished with movable 
,:ilia. T}i(‘y aie very small, and, after escaping fr<»m 
thrir parent C(;lls, continue to move about for some 
time, until they have sought out and fecundated the 
spores. 

The seed consists of a cell filled witli a dark- 
coloured semi-fluid mass, which is called the endo- 
chrome (endoriy Gr, within ; chroma, colour), 'j'his 
seed produces a ])erfect jdant like its }>artmt ; but 
the ]>rocess of fecundation is still involved in 
mystery. 
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SECTIOK XXX 

REPRODUCTION OF LICHENS. 


In Lichens (Jiclienos, Gr. a tetter or wart) we ha\fO a 
double rej)ro<luf*tive system. 

The jrnmarif ('onsists of organs called, respectively, 
apothecia^ sp^^rnuujnues^ and pycmdes. 

Apithecm {(ipollijckA, Cr. a re})ository) generate 
and ])rot(‘ct the spores from which new plants are 
do\ <*lo])ed. 

Sjtpr fuvjones {sp> rma, Gr. seed ; gone, geii- 
(‘iMtion) product* and discharge bodies called 
sp(*rniati((, wljo^e i unction aj)pears to be the fer- 
tiln'alioii of the 

/\f/r/ii /^w (pfik/tofrs, Gr. denseness), which give 
ii*^t' to sport' like hotlies called stglospores, whose 
flint tjon 1 ^ undetciniined. 


Apotukci^ app« ir 
like peltate disks on tlie 
surface of lielnuia (Fiq, 
201. a). 

They are sometimes 
oj}en (Fig. 2U4, (>), as in 
a section of the lichen 
family, cal It'd ^y/7iy/orv/r- 
/KfiUi (gtitn notiyiAv. naked ; 
harptis, fruit), am I some- 
times dosed, as in the 


.Oi 

f. 




tt 



li 


angioc(n'jfotf*f .^ectIon 
(aggos, Gr. a vt*ss<‘l). 

in gt/ftuf acarpous lichens, the apothecium consists of 
a more or h'ss llattenod disk called a thalwnium (tlialor 
nu)s, Gr. a is*ct'ptacle), which contains the spores, and 
an exciple (ercipio, Lat. to receive), or envelope, which 
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surrounds and protects it. In this case the upper sur- 
face ot the tluilnmium is exposed {Fig. 204, 6). 

Ill angiocarpous lichens, the exdple incloses the 
thalamiiim in a globular envelope, from which the 
spores issue, wlicn ripe, by means of a ]>ore or fissure. 
In these instances the organ is termed a 
{peri, Gr. around). 

The thalaiinuyn consists of a series of elongated cells, 
j)laced on end, closely packed together and united by 
means of a tenacious mucus. These cells arise from 
the smaller, somewhat irregular cells, which constitute 
the base of the iholiumum, and called the hypothecium 
{upo, Gr. under). 

Tlio elongated cells thus packed togi'ther upon tin" 
hypothecium, are of two kinds ; theeffi {thf kr, Gr. a sac), 
and poraphyses {p raphusisy Gr. an offset). 

Tivecm are the parent cells of the spores. They ar(‘ 
(‘longated cells, containing, at first, a mucous matter 
whicli ])ecomes granular, and ultimately con.solidat(*s 
into eight, four, or two spores. ANTien the sjiorcs art‘ 
mature, the th^ca mpture.s, and the sjiores escape. 

Paraphyses Qxc elongated, club*.sha])ed Ijodies, thinner 
and lunger than ilteat. They consist of a series of six 
or e^glit cells, attached end to end, like a string of 
beads, and contain mucus ; the terminal cell being 
larger, and, with its contents, coloured. Tluw precede 
the t]t£C(jB in order of develojmient, have a distinct 
structure, and, apparently, a distinct function not yet 
clearly defined. 

The spores {sjx/ra, Gr. a seed) are generally ovoid in 
term, and consist of one or more cells. In their early 
stage they are generally colourless, acquiring a yellow 
tint as they ripen. I'he young spore contains mucus 
and granular matter, sometimes mixed with globules 
of oil. At maturity these become fused into a mass, 
partaking frequently of an oily nature. 
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Spermagwies are usually minute capsules, imbedded 
in the thaUus^ and opening on its surface by pores. 
From the inner wall a number of delicate filaments 
])roject, called stcriginaia{8terigina^ Gr. a support); from 
their ends or sides the apermaiia are developed. These 
escape from the spermagonej when inatuie, which takes 
place long })efore the maturity of the spores (Fig, 
204, c). 

These sperrnatia are minute linear bodies, colourless 
and transjuient ; not possessed of cilia or other ap- 
pendages, l)iit often exhilnting molecular motion. 

Tl)e sjtermagomes only aj»pear as black point-like 
h(»dics, scattered or clustered on the suiface of lichens. 
No proof has yet been obtained of the f(‘cundating 
intluence of sperrnatia ; it is only still matter of pro- 
b.jbility. 

/*//niuks au' r<trc bodies, differing from sperinagones 
in being hugi'r, and supporting, ujion pedicels, bodies 
resembling sp(»rcs, and called sfglospores (stfdos, Gr. a 
pillar). Tla‘s(‘ are oblong and colouiless, and contain 
granular matter. 

The sf^iondary system consists of gmiidia. 

Ih neath the ujiper or cortical layer of the thallus of 
lichens, is a tliiii bright-green layer of globular ceils, 
loosely aggr(‘gUed, called the gonidic layer. These 
isolated celluh s are the gonidia. They asMiine the 
offices, and partake of the character, of both \cgetative 
and rejiroductive cells, and are ]>eculiar to the thallus 
of iicliens. Tliey frequently burst through the outer 
layer ot tlie liclien and ajipear as a pow dery mass on 
the surface, termed soredia, giving it a jxiwdery or 
frosted a])]>earance. They appear to be cellular buds 
or reproductive cells, destined, without preparatory 
fertilization, to multiply the individual. 
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SECTION XXXL 
REl’RODUCTIOX OF FUNGI. 

The coiiinioii iniisiliroom is a weJhknowii example of 
tho grouj) ot* cryptogamic plants iiicliKled under the 
gcueral name of Fungi. Let us (‘luploy this plant to 
ill uM rate our descriptions. 

In this instance we have a nuinh(‘?' of individual 
jdants, composed of thread-like iil'inients, winch con- 
stitute what is called the viyc^lbiiu (h\ fungus), 

or apitam. This is either coiic(‘a]e(] l»c iiMth, or apj)ear8 
on tlie surface of the matrix, ujion vviiich the iiingus 
vegetates. 

From a community of tlie 
individu.d plants which consti- 
tute the 7tiycerium {I'ig. 205, 7 ;^), 
a common pedicel, or stipe (Lat* 
a trunk), j)roceeds {FUj. 205, s), 
sui'iiiounted by a r(>und knob or 
]»rotuh(‘nmcc, w'hich enlarges 
and assumes the form of a caj) 
205, />), and is called the 
pileus (Lat. a caj)). In the ]jro- 
ce.s> of grt>w’th, wherel>y the 
rounded summit of the sti])C is converted into the cap- 
liko form, the wra])per wdiich cii\elo})S it ru])tures, or 
breaks away from the stij>e, leaving a ring, or annulus 
(Lat. a ring), showing the point of attachment, arouna 
the stipe. 

The under portion of the pileus, in agarics, consists 
of a number of pjates or gills radiating from tlie 
stipe. These are covered with a membrane called the 
liyiiwnium {umen, Gr. a membrane), which bears the 
spores, or leproductive organs. 
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The spores are borne on simf>le or branched processesj 
(jailed apmophores {fipora, Gr. a spore ; phorio^ I 
bear), or basidia {basis, Gr. a base), or are contained 
in thecoi {theca, Gr. a sac), cystidia {kustis, Gr. a bladder)^ 
or asci {ashos, Gr. a bag), accompanied by other bodies 
called antheridia, ov para^diyses (Gr. an oflset). 

The true fruit is foriiuid on two plans. In one, the 
tips of C(U*tain threads swell into bodies surmounted by 
little spicnles (Lat. arrow-head), which (jach give rise* 
to a singl(3 cell. This mode is called acrosporoics {akros. 
Gr. summit) ; in such cases the spore ultimately falls 
off. 

In the other method C('rtaiu threads swell out and 
form bags or tubes containing eight spores, or a multiple 
of that number. This mode is called ascigerous {askos, 
Gr. a bag or botth'). 

There is also anoth(‘r m<‘dium of propagation, by 
means of cells or buds, which fall from the ends of 
filaments, and to which the name of conidia has been 
given. 

Spermatia have also been discovered ; but little is 
known of them except that they appear to be analogous 
to the spermatozoids of sea-weeds. 

Fungi arc made uj) of a number of 

cells similar to those rejjre- pv 
sented in Fig. 206, obtained 
from a common Boletus 
magnified about 180 dia- 
meters. 

The lowest forms of fungi, 

Fiff. 206, of whicli the yeast-plant 
may be taken as an example {Fig, 207), are single and 
simple cells. Their method of increase has already 
been described. 

Zoospores have also been found some of the 
microscopic species. 
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SECTION XXXIL 
REPRODUCTION OF MOSSES. 


The spores of mosses are home io si)ore-ca8e8, or 


1 



if; 


ihcrcB^ which dehisce in the 
s)>l it- mosses by valves {Fig, 
208,1). In urn -mosses the 
doliisceiice is operciilate 
{Fig^ 208, 3). 

I'he oi-f^aus of fructifica- 
tion in mosses are of two 
kincK. The most coiisju- 
cuous consists of a aporan- 
gbnn, or s}K)re-case, an urn- 
8hnj)e(l capsule, supj)orted 
upon a stalk or sda, and, 
at first, covered with a 


cahjptra. or hood {Fig, 208, 2), which is sometimes 
dimidiate^ or split on one side ; at others mitrifomiy 
or eJeft at the base. When the cahjptra is removed, 
the sporemgium is found to ])oss(‘ss a lid, or operculum 
(Lat. a cover), which, wh<*n it falls off shows the 
mouth of the urn. ur sjioraugium, to he sometimes 
crow'iied wdth a peristome {pm\ (Ir. around ; sfoma^ 
mouth), or fringe, heneaih wliich is an elastic annulus^ 
or rinsr ; and sometimes naked. 

III the centre of tlio urn is acolumpKa, and occasion- 


ally a transverse septum or epiphmgm {phragma, Gr. 
partition) is interposetl between the operndam and the 
contents of the nrn. Within tlie inn ate contained a 


number of spherical spores, cacli of winch divides into 
four sporules. In some instances, spiral filaments 
{Fig, 208, 4), called elalers (Gr. impellers), are also 
present, i, e, in tho moss-like plants called ll&paiicw. 
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When a fleshy protuberance occurs at the base of 
the theca, and on one side, it is called a struma (Lat. 
a swelling). 

The urn usually grows from a fleshy tubercle called 
an apophysis (apophusis, Gr. excrescence). 

To the other kind of organs, the name of antheridir 
or staminidia has been given. They are found in the 
axils of the leaves, and consist of membranous sacs, 
opening at their summit, and discharging a turbid 
fluid, and phytozocd {phuton^ Gr. a plant ; zoon^ an 
animal ; the antheridia are generally in clusterr 
mixed paraphyses (Gr. an ofl’set), 

A phytozoa is a peculiar body, rolled up 
in a circular or spiral manner, which exhi- *^8 

bits movements at a certain period of its a 
existence, from which the name has ori- 
ginated (Fiy. 209, b). 

Theliev. M. *f. Berkeley says: “Per- ^ ^ 
onnial mosst's and ILpaticcd so far agree 
with phajnogams, that there is a fresh crop ^ 
of truit every year ; but then the result 
of impr(‘gnatiou is not a seed, but an organ, which 
produces the reproductive bodies or spores, much after 
the fashion in which pollen grains are generated. 
Ferns and club-mosses, though living to a hundred 
years, and producing a crop of spores each year, are 
impregnated but once, and that before the plant has 
assumed its true habit. The result of impregnation 
in these, is something more or less resembling the 
embryo ot a plnenogam, and, like that, produces, by 
progr'=‘8sive development, a perfect plant.** 


ii 
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SUCTION XXNTII. 

KEPRODUOTION OF FERNS. 


The Hubstance of the fronds of ferns is traversed 



Buj. 210 . 


by veins which bear from 
certain determinate }H>int8 
the fructification {Fig. 210, 1). 
The part to which these or- 
igans are attached is called the 
receptacle [recipio. Lat. to re> 
C(‘ive) : a correct appreciation 
of the nature and position ot 
this receptacle is necessary in 
a d<‘termination of grou]>s and 
a[>ecies. 


Each mass or cluster of seed-cases called a stynts. 


This consists of a number of spore-cases^ sporangia 
(sporttf Or. a seed , aggosy a vessel), or tliecce {theke^ 
Gr. a sac), minute roundisli bodies, often nearly sur- 
rounded by an elastic band or ring (Fig. 210, 2), which 
is sometimes wanting. When mature, the ring, by its 
elasticity, causes the tliecce to burst and discharge the 
spores, as a minute, almost im}>al])able dust (Fig. 
210, 3, magnified). 

When the ring is present, the sporangia are stalked ; 
but when absent, they are sessile. 

Tlie theae sometimes arise from the surface of the 


frond, while at other times they sjinng from below, 
having a cuticular covering in the form of an mdu- 
sium (Lat. a shirt), or involucre (htmlucrum^ Lat. a 
cover). 

The margin of the frond may be so folded as to 
cover the ikecce, and at times the whole frond is 


converted into clusters of tAcco?. 
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The vruluatum is commonly a membranaceous scale 
of the form of the sori, inclosing 
the young tli/ecm; but ultimately 
becoming ruptured and thrust 
back or cast off {Fig. 211). In 
some species the indusium is 
cup-shaped, containing the 
spore-cases ; but this form h 
rare in British ferns. 

The 8ori arc said to be 9na7'- 
ginal when th(‘y ])roject beyond 
the margin of the frond, and 
ilorsal when placed on some part the under surface 
of the frond. 

Certain cellular papilloi (Lat. teats) on the margin, 
or uj)j)er surface of the fronds, liave been considered 
by some as antlieridia, eacli of the cells containing a 
spiral fibre. But this <jut‘stiou cannot be considered 
as yet settled beyond dispute. There are some who 
contend for a duality of organs in ferns analogous to 
the *irtlKTs and ovules of flowering plants, and state 
that among the theem^ filaments arc* found which are 
equivalent to stamens. 

The following is the most generally accepted history 
of the rejiroductive development of ferns. The spores 
at first germinate by tlie protrusion of a tubular 
process, which enlarges into a small leafy plate, or 
pTol^utllus, with filamentous rootlets. When com- 
])letely formed, this proHiaMus bears on its under 
‘surface bodies of two kinds, viz., mitli^ridia and (vrehe- 
gonia. The antlueridia are unicellular structures, in 
which a second cell is formed, the interior of which 
becomes divided into a number of minute Bperm-cells. 
When ripe, the sperm-cells escape, each containing a 
sperrnatozoid. The archegonia are formed of four tiers 
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in which lies a germinal body, having sornewhait the 
character of an ovule, wliich ultimately becomes fer- 
tilized by the eutnince of the spermatozoids liberated 
from the antheridia. The fecundated embryo, or 
ovule-like body wliich lies in the embryo sac, then 
develops as a bud, and produces true leaves, which 
mature into a plant resembling the original parent from 
which the spore first sprung. 


SECTION XXXIV. 

VEGKTATIVK PHENOMENA. 

Rotation. — This i.s movement of fluids confined to 
tlie cells themselves, ami ia the result of vital action. 
In young cells, and in the cells cf jupr tic plants of all 
ages, tills movement has been ob-'^ervcil. It ]»roeet*d> 
in eacli cell indejieudently of its neighbour. In souu 
the movement will be slow', iii others rajiid, and 
Is generally rno.st evident near the circumference 
jiassiiig up one side and down the oIIht. 

Circulation is the general motion, in jdants, o‘ 
fluids ab.sorhed by the roots upwards into the leavci 
and back again to the stem, 'fhis current <*i iters In 
the extremities of the roots, pnsse.s up by tlK» w^oodi 
portions of the .sterna <jf exogenous plants, and tlu 
vascular bundles of emlogeiis, into the leaves, when 
much of tlie waiter wliich the fluid, hitherto terme< 
a-icevdinrj sap, contaim*d. i.s cvajiorated under the influ 
ence of light and heat, and the thickened fluid en 
riched by c.iibonic acid absf»rbed from air, now caller 
the descending sap^ returns by the liber of the bark t 
the stem, whence it passes horizontally by means < 
the medullary rays, and is diffu-sed through the plant 
depositing, in its progrcKs, the materials essential t 
its growth and vigour. 

Assimilation. — In the upward course of the sap, it 
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water and carbonic acid are jjartly decomposed and 
deposited. U})on reaching the leaves exposed to 
liglit, water is given oT, carbonic acid absorbed, and 
chlorophyll formed by the decomposition of carbonic 
acid and water ; oxygen is returned to the atmosphere, 
and carbon, nitrogen, and hydrogen assimilated for 
the use of the plant. Light is the main cause of thia 
assimilating |;)rocess, which, therefore, does not take 
])1ace during the nigljt. The parts of j>lants excluded 
from the light by artificial means are blanched, or 
rather prevented forming the colouring and other 
secretions for which light is essential. Ex. Endive. 

The average rate of perspiration in jilants has been 
estimated as equal to seventeen times that of a man. 

During the night, plants re-absorb oxygen from the 
air and part with a small quantity of carbonic acid. 
It is a vulgar error to 8uj)po.se that the latter is given 
off in sufficient quantity by plants growing in a room 
to have any aj >preciable or detrimental effect u})on the 
atmosj)here. 

IJeat is d(»veloped by plants during growth, some- 
times to a considerable extent. Tiihers and bulbs 
have been found to }>osses.s, during winter, a tempera' 
ture 6° or 7° above the external air. In germination, 
much heat is evolved, and again during flowering. 
The spathes of aracoous ]>lanta, which contain many 
flowers, have been subjected to experiment. In some 
of these the tliermoineter has risen at sunrise to 30° 
above tlie surrounding air. The bulb of a thermometer 
plunged 11 iiK*]u‘s deej) in the trunk of a walnut-tree 
I'ose 2° or 3°. This, however, was due to the absorj:>' 
tive jjower of the trunk for the sun’s heat. A species 
of Colocasia was found to attain a heat of 10° above 
the atmosphere in the middle of the day. The exciting 
cause of this evolution of heat may be found in the 
oxidation going on in plants at all times, but with 
greater vigour during the flowering season. 
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Iruitability. — Some of the most sim|>le forms oi 
Algae have an oscillatory motion, and tlie sj)ores of 
others move about for some time, as it has been sup- 
posed, by means of vibratile ciliae. Plants of a higher 
order exhibit movements incidental to peculiar states 
of the atmos[)here. Some flowers are hygrometric, 
others close at stated periods. The siuisitive plant 
(Mimosa sensitiva) closes up its leaves when touched. 
The leaves <^f Desmodium gyrans move about by rapid 
jerks. A species of Dioma^ called Venus’s fly-trap, 
folds uj) if an insect alights. The leaflets of the wood 
sorrel fall back at the approacli of night. JMany other 
plants exhibit staminal movements. In tin* Passion- 
flower the styles move towjirds tlie stamens. Thus, 
in some part or other, every ]ilant e.\hihits irritfibility. 

Luminosity ha.s been noticed chicdly in Fungi A 
sp(*cies of Agaric, in We.stern Austr.ilia, is said to 
afford a })ho.spliorescent light of suilicitmt inteui^'ity to 
rejid by. Decaying wood, called touchwood^ caused 
by the mycelium of fungi, is often phosphort'.scent ; 
and in Brazil certain mushrooms give out a light 
like that of fire-flies. Lumino'^ity lias also b(‘en attri- 
buted to some phanerogamous pltiiits ; but the evidence 
of its exi.stence is *jue.stionable. 

Odours are given off from some ]>lants only during 
the day, from others only at night. Certain [ilanta, 
as the vvoodruff, are fragrant only when dried, otliers 
only wliilftt in the fre.sh state. I’ rom the invfsstigatioiis 
of certain (lernian botani.si(^, we learn tliat wliite 
flowers have the large.st number of fragrant Kj>ecies, 
and that a large proportion of yellow and brown 
flowers possessing any odour, are disagreeabh*. Of 
1,193 white flowers examined, 187 were odoriferous, 
whilst only 12 were disjigreeable. Meteorological 
changes greatly influence the odours of plants. 
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SECTION XXXV. 

EPIPHYTES AND PARASITES* 

Plants whiclj grow without attachment to the soD 
are called Epiphytes and Pardsites, 

Epiphytes {ep% Or. upon \ phutoriy a plant), or air- 
plants, are generally Orchids, or their allies. They 
are found in tropical climates attached to the surface 
of trees, and are soinetinies nearly covered with a 
mass of showy flowers. Some ol’ these aerial plants 
develop long root-like processes, clad with a green 
epidermis containing stomata. These serve all the 
purj)Oses of leaves, and would rather deserve to be 
considered as such did they not often possess a layer ol 
delicate air-cells covering the e})idermis, which has 
caused them to be termed by some botanists co(Ued 
roots. 

Einphytes (hjrive very little of their nourishment 
from the matrix on which they flourish, but chiefly 
from the medium in which they grow. 

Pa/rasites (para, Gr. beside ; sitos, food) grow and 
prey upon other plants. They are more numerous 
than epijdiytes, and are found in all climates. Some 
of these are flowering plants, and others without any 
such organs. Some are brownish, without true leaves, 
but provided with scales. Others are green, and pos- 
sessed of leaves. To the former the dodder belongs, 
and to the hitter the mistletoe. 

A remarkable grouj) of parasites are found in the 
Eastern Arcliipelago and Simth America, which 
produce immense flowers, but no leaves. These 
extraordinary plants are of very rapid growth. It is 
reported of them, that the Rjitflesia, which, when full 
grown, is a yard across, and when unexpan dod is 
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as large as a middle-siEed cabbage, only takes about 
three months for its complete formation. 

Some parasites attach themselves to the roots of 
plants by suckers. Ex, Broom-rape. 

Others insinuate their extremities through the bark 
into the wood of trees, and flourish on their branches. 
Ex, Mistletoe. 

A great many Fungi are true parasites, producing 
diseased states of corn, and dry-rot in wood, or are 
found growing upon, but without any great injury to, 
other plants ; as Polyporus^ 


SECTION xxxvi. 

GALLS AND EXCnKSCENCES. 

Galls and excrescences of various kinds, forms, and 
sizes, are met with on different parts of plants, result- 
ing from disease in some form or otlier, whetlicr 
induced by the puncture of an insect or not. 

The articlioke gall of the oak la a bud which ha.s 
been checked in its development by the puncture ul 
an insect, and which is then 
converted into a gall consisting 
of imbricated scales, and re- 
sembling a small cone. 

The (/hiriese and Japanese 
galls {Eig. 212) of commerce 
are leiif-galls, or cases, which 
ultimately contain a colony of 
insects. 

In some parts of Europe a 
gall is common on one or more 
species of oak, in which the 
insect, having attacked the cfupvXa, or aoom-cup, it 
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becomes developed into a cnrioiisly-shaped gall, known 
commercially as the knoppem 
(Fig. 213). 

Some galls are formed in the 
substance of leaves, and ulti- 
mately burst through, and apf>ear i 
on the surface like flat disks, 
with perforations in t})e centre. 

Oak spcmglea are of this kind. 

At one of the meetings of the ^ 

Linnsean Society, a curious gall 
was shown by Dr. Farre, found on the leaves of a 
species of oak from Mexico. It consisted of an aggre- 
gation of hollow cylindrical tubes, nearly an inch in 
length, furnished with a fringed orifice. Their colour 
was white, suffused with red, especially towards the 


apex. 

Galls are of two 
kinds, called respec- 
tively g tills and cases. 

The galls are of a 
more or less solid 
or ligneous character, 
and form the temporary abode of a single insect. The 
eases are hollow, and of a homy texture, and contain 
H colony of insects. Of the former kind are the 
‘‘galls” of commerce {Fig, 214); the British galls, 
first discovered in Devonshire, but now becoming so 
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universally diffused 
through England; the 
ap]>le galls, or Sodom 
apples ; and the galls 
found on many species 
of oak other than those 


enumerated. The cases are represented by the com- 
mercial galls of China and Japan, the Kakrasinghee 
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galls of the Himalayas {Fig, 215), the galls of the 
Pistachio, Terebinth, and other s[)ccie8 of Rhun, 
Fistada^ and Terminalia, 

The majority of the galls cmimerated contain a 
large percentage of tannin, and are, therefore, much 
employed in the arts; but there are others which do 
not contain the astringent principle. Such, for in- 
stance, are the galls found on t}u‘ leavf^s of the elm in 
Southern Europe, which are sometimes the size of the 
fist, and contain a sweet and viscid fluid ; also the 
BaisongCj found on the leaves of a species of sage in 
the East, which are collected and sold for food : they 
are swoet, and, with sugar or honey, are afiirrned to 
make an excellent sweetmeat. 

Warts, or vcmcca^ (Lat. warts), are enlarged and 
thickened colls, containing starch and other substances, 
wlijcli aie developed in a globular form upon the stems 
of certain plants. 

Monstrous developments of individual organs often 
assume the appearance of excrescences, and, indeed, 
those which we have enumerated seem to lx* but tlie 
result of concentrated eflTorls, on the ])art of the plant, 
to repair the injury it has su.stained, or manifestations 
of disease, faintly resembling the tumorous and can- 
cerous diseases to which the animal structure Ls 
subject. 


SJKCTION XXXVII, 

VITAL ACTION. 

An answer to the inquiiy, “ How does a plant grow?** 
may be fairly attempted upon the basis of the fr)regoing 
page.s. The organs of plants and their functions having 
been described as fully as the limits of the present work 
would allow, it only remains to show how the struc* 
ture of the plant is built up by their action. 



BTRUCTfJRAL BOTAKf. 


107 


Froro the soil in whicli the plant grows, it absorbs 
all its inorganic constituents dissolved in the fluid 
vhich enters the roots under the influence of endos- 
mose. This fluid passes upwards from the roots to the 
leaves through the medium of the woody layers, espe- 
cially the newest and most external, there to be 
elaborated under tlic influence of light. 

The ascending fluid liaving reached the leaves, 
exhales much of its water in the form of vapour, 
through their stomata, absorbs additional carbonic 
acid, and, being ela])orated and tiiickom'd, returns 
downwards by the baik and transvei sely by the me- 
dullary rays, d(‘positiiig iu its cfairse its various con- 
tributions to the growing structure of the jdaut. 

It must be renienibered that very in)]H)rtant changes 
take ])lace in tlu' sap during its juissuge through the 
leaves. It enters them in a crude state, and issues 
from them in a favourable condition for suj)j)lying all 
the reiiuirerncnts of tla* plant. Not only has water, 
but also oxygen, in considerable i]uuntities, been ex- 
haled, and carbonic acid lias been inhaled ; and thus, 
by the union of carbon with the hydrogen and oxygen 
of wat<u’ in the rising sa]>, the descending fluid returns 
cliargeil with carbonaceous secretions. 

From this survey, it would seem evident that the 
following conditions lU'e m'cessaiy to jihiiit life : — 

I. A soil containing all the inorganic substances 
which enter into the structure of the ]>lant to be 
grown tberein. Because the plant is uualile to obtain 
them from any otlier source. 

II. Suflioiency of water at the root to su})ply the 
place of that continually evaporating from the leaves, 
as well as a medium for the introduction of inorganic 
matters. Because water can only enter by the spon- 
giolcs in sufiieieut quantity to supjdy that deficiency, 
and inorganic substances can only enter in solution. 
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III. Heat stifTicient to evaporate the water of the 
ascending sap, when it becomes dilfused through the 
leaves. Because, otherwise, the fluids of the plant 
would not exceed in density the water of the soil, and 
no endosmotic current would be estabiislu^d. 

IV. Leaf-surface equivalent to the size of the tree. 
Because, otherwise, there is insufllcient provision for 
bringing the crude sap under the influence of heat, 
light, anrl air. 

V. Plenty of light to elaborate the secretions. Be- 
cause, in the absence of light, plants etiolate and die ; 
absorption of cai'bon increasing relatively with inten- 
sity of light 

VL An atmosphere containing carbonic acid gas. 
Because the carbon is requisite for the formation of 
the carboiiacvous st*cretions, and plants exhibit a more 
vigorous liabit in an atmosphere more than ordinarily 
charged with carbonic acid 

Hence, during the winter, when some of these 
conditions are not fulfilled, tliere is a cessation of 
growth. 

The autumnal tints of leaves are believed to be due 
to the iixidation of their green colouring matter, oi 
ehloroj)}i) 11. 

The fill of leaves is assumed to result from tlie 
choking uj> of their tissues by continued dejiosits during 
evaporation. Being unable to [lerform tlieir functions, 
they become sickly, dry up, die, and, weakened at their 
point of attachment or articulation, fall off by their 
own weight, or, contracting by loss of moisture, dis- 
connect tiiemselvcB and fall 

In plant life, as in other manifestations of the Great 
Author of Nature, man meets with many phenomena 
which he is compelled to admire, but is puzzled to 
explain. 
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SECTION XXXVIIK 
BOTANICAL DESCRIPTION. 

It IS A j^ood test of the progress of the student in 
Botuiiy, that he shall he able to describe a plant cor- 
rectly, naming i]»e parts with precision, and describing 
its ftMturos with accuracy. Jt is also a test of careful 
and correct obseu'vation, and should be the aim of every 
student to accf)mp!isli it well. 

To dissect and examine the flower and seed, a pocket 
lens will be necessary. 

Nothing must be taken for granted ; but every part 
should be (arefully examined, noticing the result 

Tiie botanical dt^scription should l>e as terse and 
compact j possible ; omitting all 8 uj>erfluous expres- 
sions, at the same lime guarding against the use of 
either a wrong or a vague tcim. 

Should the plant to be dcHcribed be in flower only, 
it will be necessary cither to examine the plant again 
wlieu in fruit, to complete the description, or, if this 
cannot be done, let the description end with the 
fio’wer. The parts should be described in the order 
of development. 

Koot. — I ts form, whether conical, libious, <kc., and 
also whctlier annual or perenuiak 

Care must be taken not to call 101)01% rhizomes, or 
other tindcrgi’ound stems, by the name of rooL^. 

Stem. — Whether erect or prostrate, solid or tistular, 
cylindrical or angular, naked or puhcscent, &e. 

Leaves. — Whether alternate or op])ositc, stipulate or 
or exsti])ulate, radical or cauline, 8 im]>le or compound, 
entire or serrated ; and chai'actcr of venation. 

Inflorescence. — Whether racemose or cymose, ter- 
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uinal or axillary, erect or drooping, and the nature of 
he brae teal aj>pendages. 

Flo^’^ks. — C orn 111 eiicing with the calyx, whether 
pgular or irregular, rnouosepalous or polyse]ialou.% 
ersistent or deciduous, superior or inft^rior. Corolla, 
diether regular or irregular, moiiopetalous or poly- 
etalous, sessile or unguiculate. JStamerie, whether 
itinite or indeniiite, hypogyiious or epigyuous, moria- 
dphous or polydelphous. Fiht'tnents, Avhethor short 
’ long, hlifbrni or petaloid. A^Uhertt, whetJier one or 
ore celled, iutrorse or extrorse, innate or adiuite, 
id whetlier opening by jiores or valves. Deary, 
perior or inlbrior, one or many celled, one or many 
pdeth sviicarpous or apocarjious. Style, terminal or 
eral, hlifonn or jietaloid, persistent or deciduous. 
igma, whether simple or bifid, t(‘rnnujil or lateral. 
^vZes^ -wliether erect or otherwi^*, aiiatrojial or 
hotropal, delinitc or indefinite. Placenta, wdiether 
lie or parietal. 

Fruit. — J ndebiscent or dehiscent. If (hdiiscont, 
ether by pores or val\es, and il locnlicidal or 
ticidal, also the niTangement of the jilacentse. 
da, whether sjiherical or angular, smooth or liairy, 
uminous or exaJhurninous, whether the albu'tnen is 
ny, oily, or mealy. The embryo, inonocotyh^donous 
iicotyiedonous, straight, annular, or spiral ; whether 
radicle is directed to tiie ajiex or base, and wliether 
cotyledons are fiat, spiral, accumbent, or incumbent 

^iants should be described in conformity with the 
> ^ing scheme, commencing with the root and 
i ig with the seed : — 
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Root Character. 

Stem General character 

Leaves Arranj^ement. 

Stipulation. 

Composition. 

F orm. 

Margin and incision. 
Venation. 


InfloreM^iiCe .... General character. 

llracteal appendages. 

Flower. . .. Peculiarities of Calyx. 

Corolla. 

„ Stamens. 

Disk. 

I'istil (Ovary, Style, Stigma, PJaccntation). 
Fruit. .••••••.. General character. 

Dehiscence. 

Placeutation. 

Arrangement of embryo. 

Habitat, or place of growth. 


SECTION XXXIX. 

DESCRIPTIVE MODELS. 

As it will be advisable that this lesson should be 
devoted to the practical description of plants, in con- 
formity with the tSeJt^me already given, a botanica’ 
description, by Dr. Lindley, is appended as a model 
for imitation. 

CaRDAMINE PRATENSIS. 


N.O. Brassicacee. 

liooTS htirous, slightly branched ; proceeding from the 
sides of a half-subterranean, perennial, green 
tuber y whose sides are marked by wide scars, and 
very sihort tooth -like branches 
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Stsm erect, annual, smooth, terete, about a foot high. 

Leaves : kadical, on long stalks, thin, dark green, 
distantly pinnate; leaflets stalked, in two to four 
pairs, sometimes alternate, wavy, orbicular, entire, 
angular, or toothed ; the terininal one much 
larger than the other; cauline, more closely 
pinnate, in from five to seven pairs, with an odd 
one ; leaflets linear, obtuse, entire. 

Bacemes terminal and axillary, two or three, nodding, 
longer than the leaves, somewhat corymbose, 
ebracteate. 

Sepals four. Oblong, obtuse, membranous at the 
edge : the two opposite slightly saccate. 

Petals four. Cruciate, pale lilac or white, veiny, 
with a slight tooth on one side of the unguis. 

8tamfns tetradv nanious, hypogynous, erect, longer 
than the cal\x; fllawents subulate, rigid, some- 
what herbaceous, the two lateral much shorter 
than the others ; anthers ovate, innate, erect, 
opening longitudinally : those of the longer 
filaments extrorse, of the shorter inlrorse. 

Ovary superior, terete, as long as the longest 
filaments, two-celled ; placentae, two in each 
coll, next the dissepiment, parietal, polysper- 
mous ; style \erv short; stigyna capitate. 

Disk: four minute green glands; one surrounding 
the base of ('aeh shorter stamen, one free, between 
the bases of each longer stamens. 

Fruit (rarely produced). vSiliqua linear, compressed, 
slightly torulose; valves thin, flat. 

8eeds oblong, lenticular, bright brown, arrang(‘(i in a 
single line, suspended from very short funicles. 

Embryo exalbuminous, with a superior radicle as long 
as the accumbent cotyledons. 
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SECTION XL 

SUMMARY. 

The following Summary has been prepared in t 
tabular form, and, had it been found practicable to 
have printed it entire upon an open sheet, would have 
presented, at one view, the whole scope of the fore- 
going pages. Having carefully studied all that has 
preceded it, a slight effort will enable the student to 
comprehend this table, which will then serve as a 
mentor, [)oiuting out centres around which memory 
will gather the results of our forty lessons. 

Ultimate Elements. 

t Oxygen. 

Hydrogen. 

Nitrogt^n. 

Carbon. 

( Phospborcri 
\ Sulphur, 
f Chlorine. 

\ Iodine, 
j Bromine. 

I Silicon. 

I Potassniin, 
j Sodium 
Calcium. 

Magnesium. 

Aluminium. 

Iron. 

JVlauganese. 
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Proximate Principles. 


{ C^lloloBe. 
Licnine. 

Starch . . . 


( Inuluie. 
i Lichenine. 


Dextrine. 

j Sue*' - 

1 Kcsiii. 

< Orcantc Acids. 

• Volatile Oil«. 

. (’ainphor. 

I r.aoiitchouc. 

I Fixed Oila. 

I Wax. 

F'l brine, 

Caaeine. 

iMbumen. 

Clilorojihyll — Chrrunui® 
EinulRluo. 

^ Diiustase. 

•v AlkaloidH. 

W liter. 

Mineral conutituentf* of the 
of nlante. 


i Cune Sugar. 
O rape Sugai . 
Mannite 


Elementary Tissuea 


I < I Lri.AK 


:lar 


VcMcle.s or Cellfe — Lacuna 
I*ar« nchynia. 
Fibro-cellular 
I’itted. 

Woody tiMHue. 

Glandular. 


Fibro* vascular 



Spiral vesBels. 
Ducts. 
ArmuiaT vt 
Scttlariform, 


Laticiferous 



Nutritive Organs. 
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